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Although industrial expansion has focused 
attention on new occupational health prob- 
lems, old hazards and old industries should 
be frequently resurveyed in order to complete 
the already known knowledge of dermato- 
logic hazards. Furthermore, industrial pro- 
cesses often undergo radical change as new 
products are introduced or the composition 
of old materials is changed. 

Chromium compounds have been recog- 
nized for a long time as industrial poisons. 
The purpose of this report is to bring to- 
gether recent information on the dermatologic 
aspects of the chromate problem. Evidence of 
the Industrial Dermatology, 
Department of Dermatology, School of Medicine, 
University of Pennsylvania. 


From Section of 


Adapted from a paper read in the Symposium 
on Industrial Dermatoses the 


Syphilology in 


before \ merican 


Academy of Dermatology and 


Chicago on Dec. 7, 1954. 


the importance of this problem in an old 


industry is the recent announcement by 
members of a Chicago lithographers’ union 
and their employers of a decision to invest 
a substantial sum of money in research on 
chrome dermatitis.' In addition to the derma- 
tologic aspects, an attempt to correlate the 
skin with other organ disturbances is pro- 
jected, and several facets of dermatologic 


research are presented in the following report. 


The hazards of the chromium industry 


may be traced in the following Table. 

No effects on the skin and the nasal mucosa 
have been observed in the mining of chromite 
Such 


definitely established in the chromate-pro- 


ores.” hazards, however, have been 
ducing industry and in the production of 
consumer goods. Data dealing with the in- 
cidence of surface lesions (skin, nasal mucosa, 
eyes) and lung disease have been thoroughly 
reviewed in a report prepared by the U. S. 
Public Health Service * and in Walsh’s paper 
on chromate hazards. 


Hazards of the Chromium Industry 


Level 1 Level 2 


Extractive Intermediate Production 


(Primary Raw 
Material) 


(Industries in Which Chro 
mite Ores Are Utilized) 


Mining of 
chromite ores 


(1) Metallurgical—ferro- 
chrome in the manu- 
facture of alloy steels 


(2) Refractory—manu facture 


of firebriek 
(3) Chemical—chromate- 
producing industry 


Level 3 


Production of Consumer Goods 


Chromium in 
Fabricated 
Products 


Chromium in 
Fabrication 


(1) Chrome plating (1) Cement 
(2) Pigment manu- (2) 
facturing 


Antirust com 
pounds for Diesel 
motors 
(3) Leather tanning 
(4) Photoengraving 
(5) Glass, rubber, 

paint, wallpaper, 

textiles, ete 


| 
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The action of chromates on the skin may 
be presented in the following manner: 


Mode of Action of Chromates on the Skin 


Primary Irritant Sensitization 
| 


(corrosive) | 
Uleers 


and 
Stigmata (sears) 


Eezematous 
Contact-type 
Dermatitis (allergic) 


Commercial applications of various chro- 
mium compounds continue to expand. Dublin 
and Vane * tabulated the large group of oc- 
cupations in which exposure to chromium 


compounds may be encountered. 


Acetylene workers 
Aniline workers 
Artificial-flower 
makers 
Battery (dry) 
makers 
Bleachers 
Blueprint makers 
Candle (colored) 
makers 
Carbon printers 
(photography) 
Chrome workers 
Chromium platers 
Colorers (marble) 
Color makers 
Compounders 
(rubber) 
Crayon (colored) 
makers 
Dye makers 
Dyers 
Electroplaters 
Enamelers 


Two recent 


(1)cement workers and (2 


Enamel makers 
Explosives (am- 
monal and 
pyroxylin) 
workers 
Frosters (glass 
and pottery) 
Furniture 
polishers 
Glass colorers 
Glaze workers 
(pottery) 
Ink makers 
Linoleum workers 
Lithographers 
Match-factory 
workers 
Mixers (rubber) 
Mordanters 
Painters 
Paint makers 
Paper hangers 
Paper makers 
Paper-money 
makers 


Pencil (colored) 
makers 
Photoengravers 
Photographic 
workers 
Photogravure 
workers 
Pottery workers 
Steel (chrome) 
makers 
Textile printers 
Tannery (chrome) 
workers 
Vuleanizers 
Wallpaper 
printers 
Waterproofers 
(paper and 
textile) 
Wax-ornament 
workers 
Welders 
Wood workers 


findings may now be added: 


railroad em- 


ployees working with Diesel locomotives. 


The corrosive and irritant action of the 


chromates is common knowledge; however, 
the allergic eczematous reactions reported in 
the aforementioned workers represent new 
problems and may offer clues to clarify here- 
tofore unexplained sensitizations. 

Jaeger and Pelloni® demonstrated that all 
varities of cement contain minimal amounts 
of chromium. Thirty of their 32 patients 
suffering from cement eczema showed posi- 
tive patch tests with 0.5% potassium bichro- 


mate. Whereas cement eczema was previously 
regarded as an irritant dermatitis, the studies 
by Jaeger and Pelloni® and by Engebrigt- 


sen * indicate that some cement dermatitides 
are the result of specific hypersensitivity to 
water-soluble bichromates. In view of the 
minimal quantities of chromium found in 
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the cement, Engebrigtsen postulated that the 
specific reaction on the skin would not have 
occurred if alkalies in the cement had not 
first paved the way. Pirila* demonstrated 
82% of positive reactions to bichromate in 
90 cases of cement eczema and also suggested 
that, in addition to the sensitization to chro- 
mate, the toxic alkaline effect of cement plays 
an important role in the development of 
cement eczema. 

Winston and Walsh ® called attention “to 
chromate dermatitis, resulting from contact 
with diesel locomotive radiator fluid, as a 
hazard of growing importance in the railroad 
industry because of the increasing use of 
diesel locomotive power.” During a four- 
year period the authors observed 6 workers, 
from approximately 200 employees working 
in Diesel-locomotive repair shops, who be- 
came incapacitated because of the dermatitis 
and required hospitalization. The authors 
stated : 


These patients were men who worked in a diesel 
locomotive shop and were exposed in varying 
degrees to sodium bichromate, which is an anti- 
oxidant generally used in diesel locomotive radiator 
fluid. All showed positive patch tests to samples of 
the radiator fluid and to 0.25% sodium bichromate 
solution. They were able to work on steam loco- 
motives without trouble, but, in each instance, when 
these men again worked on diesel locomotives, there 


Was a recurrence of the eruption. 


Similar cases under our observation stimu- 
lated interest and research in this problem. 
Our experiences with the Diesel workers 
showed that some of these eczematous derma- 
titides persisted for months following re- 
moval of the patient from his source of ex- 
posure. We have postulated that the factors 
responsible for the chronicity and the ex- 
acerbations of these epidermal hypersensi- 
tivity reactions due to chromium could be 
caused by the adherence or fixation of the 
metallic salts in the skin or to a possible 
reexposure to minimal concentrations of the 
chemical in the environment or in consumer 
products. 

[?° stressed this point in a previous dis- 
cussion dealing with new allergic eczema- 
tous reactions. Environmental exposure ap- 
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Fig. 1—Spot test to demonstrate presence of chromium in lumber impregnated with chromated 


zinc chloride. 


pears possible. Gaul * has been impressed with hand eczemas. Gaul‘! also reported 
with the high incidence of reactions to chro- chrome dermatitis in patients who came in 
mates in the routine patch testing of patients contact with chrome-plated instruments and 


'2 has suggested that 


——— chrome furniture. Guy 

* Gaul, L. E.: Personal communication to the there was incidental contact in railroad 
author workers with minute quantities of the chro- 
> 


Kig. 2—Chromates leached from old lumber previously treated with chromated zinc chloride. 


EXTRACT OF WOOD EXTRACT OF WOOD 


TREATED WITH CHROMATE UNTREATED - CONTROL 
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mate material on parts, tools, and other 
equipment in shops. 

In our department we have attempted a 
reappraisal of some aspects of the chromium 
problem. Miller and If recently surveyed 
a section of the lumber industry. In this 
branch, lumber is impregnated with chro- 
mated zinc chloride. Although field investi- 
gations revealed no new findings, it was 
thought that the consumer may be exposed 
to chromium. Chromium can be leached from 
both old and fresh impregnated lumber. This 
finding should be kept in mind when possible 
sources for reexposure are considered. 

Although not find 
that cobalt salts are fixed in the epidermis, 


Haxthausen '* could 


the question whether or not a chemical com- 


LANOLIN CARBOWAX 


CHROMATE IN 
LANOLIN 
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epidermis alone. Three weeks later a dichro- 
mate containing ointment was rubbed into 
the injected areas. In no instance was there 
any sign of epidermal sensitization. It must 
be emphasized, however, that negative results 
of this nature do not exclude the possibility 
of formation of a protein-allergen complex. 

The fact that chromates have a chemical 
effect on epidermal proteins of human skin 
was demonstrated by us with a new in vitro 
method. Ointments and solutions containing 
equivalent amounts of chromium salts were 
applied to strips of human skin obtained from 
autopsy or surgical specimens. The pieces of 
skin were incubated for several hours at 34 C 
with the chromium salts. The skin was then 
wiped with ether and the epidermis removed 


CHROMATE IN 
CARBOWAX 


Fig. 3.—Spot test to demonstrate presence of chromates in the corium. 


bination between metallic salts and epidermal 
proteins is a prerequisite for allergic sensiti- 
zation remains unsettled. Flesch and I ¢ ap- 
proached this problem in the following man- 
ner: Guinea pigs were pretreated with the 
intermediary polymers of chloroprene which 
cause depilation and extensive thickening 
of the epidermis. The hairless epidermis was 
removed, pulverized, and incubated for 24 
hours with chromium salts. The combined 
antigen-protein mixture was then injected in- 
tradermally into guinea pigs. The control ani- 
mals were injected with pulverized guinea pig 

7 Samitz, M. H., 
lished data. 

t Flesch, P., 
data. 


Miller, A. B.: 


and Unpub- 


and Samitz, M. H.: Unpublished 
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irom the corium with the stretch method." 
The presence of chromates in the corium was 
tested with a specific spot test (diphenyl 
carbazide ). In addition, the effects of chro- 
mates on sulfhydryl groups in the removed 
epidermis were studied. An excellent correla- 
tion was found between the rate of percu- 
taneous absorption and the inactivation of 
epidermal —SH groups by chromium salts. 
Absorption of chromates went hand in hand 
with —SH inactivation. 

These findings indicate (1) that chromates 
can be absorbed into the skin, (2) that, when 
absorbed, the chromate interacts with epi- 
dermal protein, and (3) that such an inter- 
action may lead to interference with normal 
epidermal metabolism and may account for 
certain pathologic conditions. 
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In the clinical appraisal of chromate derma- 
titis, the dermatologist must correlate cu- 
taneous with systemic disorders. The effects 
of chromates on various tissues may be pre 
sented graphically (Fig. 5). 

Attempted correlation of surface lesions 
due to chromium with other tissue involve- 


ment elicited the following information: 
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CHROMATE 


PROBLEM 


1. By patch testing 56 workers affected 
with perforated nasal septa, Edmundson ! 
was unable to demonstrate that perforation of 
the nasal septum or chrome ulcers of the 
skin were associated with sensitivity to potas- 
sium bichromate. 

? 


Despite the prevalence of chromate 


dermatitis and nasal perforation, correlation 


Lanolin 


Carbowax 


1/2% K,Cr, O7 


1/2% 
in lanolin 


ae 
in carbowax 


Fig. 4—Effects of chromates on sulfhydryl groups in removed epidermis. 
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DIAGRAMMATIC PRESENTATION OF DISEASES PRODUCED BY CHROMIUM COMPOUNDS 


Conjunctivitis 


Nasal Septal Uicers and Perforations 


Pharyngitis 


Pneumoconiosis 


Bronchiogenic Cancer 
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with the incidence of pulmonary carcinoma 
due to dermatitis is not possible. This was 
recently the exhaustive 
studies of Koven and his co-workers.§ Also 


corroborated by 


of interest is the fact that in none of the many 
instances of skin membrane 
lesions has there ever been reported a case 


and mucous 
of neoplasm arising from the site of the typi- 
cal chrome ulcer of the skin or from nasal 
ulceration or perforation, stigmata long rec- 
ognized as pathognomonic of the chromate 
worker. Neither the pharynx nor the eye, 
sites of irritating action of the chromates, 
revealed any neoplasm. 

A twofold mechanism may be postulated to 
explain this phenomenon. One of the factors 
playing a role in this problem is the specific 
susceptibility of lung tissue to the neoplastic 
action of chromates. Although the other tis- 
sues of the exposed portion of the body have 
undoubtedly greater exposure to chromates 
and reveal a corresponding greater amount 
and degree of irritation, yet neoplastic change 
does not occur. One must also take into con- 
sideration anatomical peculiarities. The lung 
may be considered as an end-organ in respect 
to inhalation of fine dust particles, thereby 
permitting chromates and their oxidation 
products an opportunity for prolonged action. 

3. The possibility of percutaneous absorp- 
tion of chromium compounds cannot be over- 
looked. Recently Pascale and co-workers '* 
reported clinical and laboratory evidence of 
liver disease in a group of workers in a chro- 
mium-plating plant. Acute hepatitis with 


jaundice was observed in one employee; in 


eight fellow workers, there were significant 
amounts of chromium in the urine; hepatic 
tests and liver biopsy showed mild to mod- 
erate Although this latter 
group had no systemic complaints, all showed 


abnormalities. 


the characteristic nasal lesions attributed to 
chromium. 
that 


These investigators commented 


If it be true that industrial exposure to the toxic 
chromium compounds may cause systemic as well 
as surface injury to the human, the health hazard 


§ Koven, A. L.: 
Chromate Workers 
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To be published. 
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in plants using these compounds is not as negligible 
as suggested in the literature. Prophylactic meas- 
ures, such as adequate ventilation and protective 
covering, should be taken in all factories to reduce 
exposure to a minimum. Skin and mucous membrane 
lesions should be treated promptly to prevent chronic 


systemic absorption of these compounds. 


Skin and mucous membrane lesions should 
be treated promptly to minimize the danger 
of chronic systemic absorption of these com- 
pounds. Recent surveys * have shown how 
prophylactic measures used for the skin have 
modified and prevented nasal ulceration and 
perforation in chromate workers. Also, Cole** 
may have opened a new avenue for the con- 
trol of 
dimercaprol (BAL). 


chrome dermatitis with the use of 
The the 
use of this agent can be corroborated by the 


rationale of 


laboratory investigation previously mentioned 
dealing with —SH interaction. Another prac- 
tical approach for both prevention and ther- 
apy would consider the application of chela- 
tion deactivation. Kurtin and Orentreich ** 
have demonstrated this principle for the 
nickel ion in allergic eczematous sensitivity. 
Schubert and co-workers ** in their studies 
of the beryllium problem with aurintricar- 
boxylic acid (ATA) have projected a new 
approach for the systemic disorders. It ap- 
pears possible that a suitable chelating agent 
may be the solution for the cutaneous and 


systemic effects of chromates. 


CONCLUSION 

This survey was restricted to a threefold 
objective: (1) to review recent information 
on the dermatologic aspects of the chromate 
problem ; (2) to correlate surface lesions due 
to chromates with other organ disorders, and 
(3) to present several facets of dermatologic 
research dealing with chromates. 
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GEORGE £. MORRIS, M.D., Boston 


The dermatological hazards associated in 
handling chromates in industry have been 
recognized and widely published for years.* 


Thus, they have caused dermatoses in the 


chrome-plating industry, among tanners of 
leather, in the photoengraving processes, and 
in the manufacture of paint, inks, rubber, 
and ceramics. Other reports have dealt with 
their sensitizing properties in the manufac- 
ture of dry-cell batteries, matches, explosives, 
fur and leather dyes, fat and oil bleaches 
and when used as chemical reagents. During 
the war, there were several reports of chro- 
mate dermatitis workers,7 


among aircraft 


also among 
equipment,’* 


Walsh ¢ 


chromate 


operators of air-conditioning 
Winston 


several 


and_ recently and 


have written articles on 
dermatitis in railroad employees 
with Diesel this 


latter regard, chrome salts have been used 


working locomotives, In 
as antirust agents in the Diesel cooling sys- 
tem. When the Diesels are cleaned and re- 
painted, this fluid frequently contaminates 
the workers and the working area. The water, 
of course, dries out, leaving concentrated 
chromate which is stirred up as a dust and 
is sufficient to 
workers. 


cause dermatitis in these 
In none of these studies have I been able 


to find any mention of dermatitis from 
chrome as an ingredient in glue, and even 
in Dublin’s extensive study,'* in which he 
lists 49 types of exposures to chrome, there 


is no statement that chrome glues are made 
* References 1 to 8. 


+ References 9 to 11. 
¢ References 7 and 13. 
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or that their manufacture and use are a haz- 
ard. None of the above authors, to my mind, 
adequately stresses the cross sensitization that 
may occur to shoe leather in chrome workers, 
and in this paper I intend to point out that 
the persistence of chrome dermatitis of the 
hands is in all probability due to chrome 
dermatitis of the feet, which has been pre- 
viously overlooked. Also, I wish to focus 
attention upon this hidden reason as a prob- 
able cause for the recent statement by Guy *° 
that “the unusual feature of chromate derma- 
titis is its chronicity and recalcitrance to 
treatment.” [Except in one instance (Case 
1), chrome dermatitis in my experience has 
not been resistant to treatment if details are 
carried to the letter, as the following case 
histories will illustrate. 

Since dermatitis from chrome glue has not 
been described in the literature, it is neces- 
sary to devote a few words to the prepara- 
tion of chrome glues. 

Schwartz, Tulipan, and Peck'® in their 
textbook do not mention that there is such 
a substance known as chrome glue, even 
though they do discuss at length the manu- 
facture of animal glues. 

Lewis, Squires, and Broughton,’’ on the 
other hand, state that ““chrome-tanned leather 
scrap may be detanned with oxalic acid” and 
subsequently made into glue. Scrap trim- 
mings are washed with water and soaked for 
milk of lime, which 
causes the fibers to swell (the process being 


weeks or months in 
known as plumping) and also “loosens or 


dissolves material, such as 
hair, blood, and the easily soluble proteins.” 
Fatty impurities are converted to insoluble 


lime soaps, which rise to the surface and are 


objectionable 


removed by washing. The washed stock is 


em 
— 
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neutralized with sulfuric acid or dilute hy- 


drochloric acid and is then extracted with 
water. The solutions are clarified by filtration, 
and they are then allowed to cool to form 
a gel or are dried and ground into granules. 

Following are cases from my files having 
to do with chrome as an ingredient in glue. 
These and the other cases illustrate impor- 
factors which 


tant cross sensitization 


can 
prolong chrome dermatitis cases. 


Case 1—E. V., a 32-year-old man, worked nights 
in a glue factory. He was employed as a glue 
shipper, and 90% of this glue was extracted fron 
chrome-tanned leather. As a background, five years 
previously, while working in the same building and 
at the same job, he had been told he had industrial 
asthma caused by glue dust, although he 
had asthma before that time. In 1951, a rash had 


developed on the side of his left foot, under the 


never 


shoe, and over a period of two years and three 
months he had been extensively treated with corti- 
sone and corticotropin by a skin specialist, without 
improvement. 

Upon first being referred to my office in 1953, 
the patient had generalized thickening, redness, dry- 
ness, scaling, and crusting of the entire body. He 
was treated over a period of seven months, at which 
time his back was entirely free of any eruption; 
he was then patch-tested there with “chrome trim” 
and “chrome shavings,” which were the raw materi- 
als used in his plant for the preparation of glue. 
He was further tested with 
and with “flake” (products derived 


from the trim and shavings) and showed positive 


“ground” chrome glue 


chrome glue 


tests to all four of these. He had no reaction at all 
to the adhesive tape, nor to a control of the adhesive 
tape and the cloth patch-test material itself. 


[he patient has now been under treatment for 


eight months and is showing slow but steady im 


provement. He has been warned not to 


wear 


Fig. 1. 


Dermatitis from chrome glue. 


CHROME 


GLUE 


Dermatitis from chrome-dyed leather 


chrome-dyed leather shoes. On one occasion he did 
wear them, and there was an acute recurrence of his 
entire eruption. On another occasion, when he was 
90% cleared up, he decided that an article of 
furniture needed to be glued. He used a glue, let it 
harden, and then sanded it. Within eight hours his 
entire body broke out from the dust of the glue that 


had been raised when he sanded the furniture. 


Case 2.—H. W., a 28-year-old woman, worked in 


the shipping room of a rubber factory, sealing 
packages with glue. After 18 days on this job, her 
hands started to break out, and three days later she 
was referred to my office. When seen, she had a 
vesicular both which were 
swollen, red, and vesicular (Fig. 1). She was patch- 
tested with the rubber which she had been packing 


and with the glue; after 24 hours, she 


eruption of hands, 


was found 
to have a negative test to the rubber and a positive 
test to the 


giue. 


Qualitative analysis of the 
showed that it contained chrome. 


glue 


For a period of six weeks this worker was under 
treatment. She then developed a vesicular eruption 
con both feet, which I observed to be localized to the 
outline of her shoes. A patch test was 
leather of the shoe, and in 24 
hours the patch test was positive. She 
with 0.1% 


leather 
performed with the 


was tested 
sodium bichromate solution and had a 
positive test to this. She was told to wear canvas 
shoes and was given routine Within two 
months, her eruption had entirely cleared. She re- 
mained well for about four weeks, 


treatment 


until she again 
wore leather shoes for one day, upon which there 
developed a vesicular eruption of both feet, outlined 
to the shoes, and also an eruption of the hands. 
Upon further treatment, the patient was advised 
to wear canvas shoes continually. This she did for a 
period of two months, when a death in the family 
caused her to wear leather shoes for a period of 
three days; again her feet and hands broke out with 
vesicles. She was seen over the period of the follow- 


ing year. On several occasions during this time, 
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she put on leather shoes for from one to four days, 
and each time she had a recurrence of the eruption 
on her hands and feet. 

Case 3.—P. B., a graduate nurse had an eruption 
of the feet (Fig. 2) of four years’ duration. She had 
been seen by three dermatologists and one allergist. 
The allergist told her that her eruption was due to 
her shoes, but the dermatologists did not know the 
cause of the rash. She protested that she was then 20 
years old and had worn shoes all that time but had 
never previously had any trouble from them; there- 
fore, she would not then believe that the eruption 
was due to her shoes. Nevertheless, she did recall 
that the previous summer, while she had been at the 
beach wearing sneakers, her feet had practically 
cleared in two weeks but that she had broken out 
again when she returned to work. She thus accepted 
the diagnosis and purchased a pair of cloth shoes. 
Within two weeks of wearing the cloth shoes, she 
volunteered that her eruption was better than it had 
been for the previous four years. 

Three weeks after being seen, she was patch- 
tested with a chrome-plated piece of copper, with a 
piece of copper as a control, and with a 1% solution 
of the chrome glue. These tests were put on as 
closed tests and were left on for 48 hours. All 
tests proved negative. 

Nineteen months after this episode, the patient 
was seen again with acute vesicular dermatitis of 
the hands, which developed after she had worn 
leather gloves for a period of a week. Soon after 
this, she also wore leather shoes for two evenings, 
the first time she had done so in over two years, and 
on the second night her feet broke out with acute 
vesicular dermatitis. 

CasE 4.—J. G. tanning 
division of a leather factory. He had worked in the 
chrome-tanning processing of leather over a period 
of 12 years and, when seen, had developed an acute 
dermatitis, of four weeks’ duration, on both fore- 
arms up to the midarms. He was asked if he had 
any eruption of his feet but answered in the nega- 
tive. However, when asked to remove his shoes, he 
clearly had an eruption outlined 
exactly to his shoes. He was advised to wear 
ordinary cloth stockings and then to put a plastic 
bag over them before putting on his shoes. The 
patient was kept out of work, on cold benzalkonium 
(Zephiran) chloride compresses. Within six weeks, 
he was cleared of his eruption. He has returned to 
work but not near chrome. 


was employed in the 


erythematous 


As an item of interest, in the past 18 
months I have had two patients with derma- 
titis from chrome in shoes whom I have 
told to place plastic freezing bags (such as 
are used for frozen foods, and which are 
easily obtainable in any large grocery store) 
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outside of their stockings before putting on 
their shoes. These two patients have been 
able to continue the use of their shoes, for 
the chemicals are not able to permeate these 
impervious plastic freezer bags. Prior to 
this (as in Case 2 and Case 3), patients had 
been forced to wear canvas or plastic shoes 
throughout winter and summer. During re- 
cent months, however, patients have been 
able to continue wearing their chrome-tanned 
shoes so long as they followed the plastic- 
bag procedure. 

The chrome glue of Case 1, made from the 
chrome trimmings from a tannery, was 
furnished me by the company, and the glue 
was analyzed. It was found to contain chro- 
mium, The analysis was qualitative, not 
quantitative, and it was made in the labora- 
tories of the Commonwealth of Massachu- 
setts, Division of Occupational Hygiene by 
Leonard D. Pagnotto, under the direction 
of H. B. Elkins. 

SUM MARY 


Dermatitis from chrome is seen in many 
industries; dermatitis from chrome glue is 
reported here for the first time. Dermatitis 
from chrome glue can be seen in those making 
the glue and in those using it. 


Chrome dermatitis of the hands may be 


seen with chrome dermatitis from shoe 
leather, and the secondary sensitization of 
the feet can cause persistence of the chrome 
dermatitis of the hands. In my practice, the 
avoidance of chrome-tanned shoes has facili- 
tated the clearing up of eruptions and has 
not permitted the persistence of the cases, 
as Guy and others report. 

As a rule in my office, a patient sensitized 
to chrome either wears plastic linings between 
his feet and the leather or is told to change 


to other types of shoes. 


520 Commonwealth Ave. (15). 
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MARJORIE W. GRIGSBY, Chicago 


As in the United States, occupational con- 
tact dermatitis is the major industrial disease 
for which compensation and medical care are 
claimed. 

The following Industrial Disease Table is 
indicative of the Ontario Workmen’s Com- 
pensation Board’s experience in the last four 
years for which data are available. 


a) exposure to primary irritants or skin sensitiz- 
ers of workmen who have or have had skin erup- 
tions ; 

b) lack of periodic inspection of workmen in 
order to detect early evidence of dermatitis and the 
removal of them where necessary to work not in- 
volving contact with the irritant; 

c) lack of personal hygiene, particularly wash- 
ing, may allow prolonged contact with an irritant 
such as Varsol to destroy the natural protective 
mechanism of the skin; 


Year 
_ 
1951 
1950 


The Board’s approach in making awards 
for this disease, as in all disabilities under 
the Workmen’s Compensation Act, is clinical 
rather than-forensic. To assist the Medical 
and Claims Departments, the Board has ap- 
pointed a Consultant in Industrial Derma- 
tology. He is a member of the staff of the 
Ontario Board of Health, who is available 
on a part-time basis, for which he is paid 
an honorarium by the Board. 

Recognizing the importance of uniformity 


in the administration of workmen’s com- 


pensation, the Board has adopted a number 
of general orders for the guidance of its staff. 


Among the general orders relating to occu- 
pational disability is the following related to 
occupational contact dermatitis, which is 
quoted in full: 


1) Occupational contact dermatitis, sometimes 
called dermatitis venenata, resulting from exposure 
to primary irritants such as acids and skin sensi- 


tizers such as dyes is often caused by 
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Medical Aid 


Temporarily Permanently 
Only 


Disabled Disabled 
1,243 871 
1,185 714 
768 633 
1,123 738 


Death 


d) lack of protective measures such as ventilating 
appliances, protective clothing or protective creams. 

2) Although uncomplicated occupational contact 
dermatitis ordinarily recovers in two or three weeks 
after the workman is removed from contact with 
the irritant, there are prolonged cases, some of the 
causes of which are: 


a) The workman may have a non-occupational 
dermatitis such as seborrhoeic dermatitis, fungus in- 
fection, pityriasis rosea, lichen planus, impetigo, 
erythema multiforme, drug eruptions not caused by 
treatment of the occupational dermatitis, and derma- 
titis due to contact with an irritant outside of the 
place of employment. 


b) The workman may have an occupational con- 
tact dermatitis but the exposure to the irritant is 
being continued at work or away from work either 
accidentally or deliberately. 

c) Occupational contact dermatitis may have been 
treated with irritant drugs such as sulphathiazole, 


mercury or sulphur causing a superimposed drug 
dermatitis. 


d) Occupational contact dermatitis resulting from 
exposure to a primary irritant or a skin sensitizer 


All 0. C. D. 
Cases, Cases, 
No. No. 
1,805 1,407 
1949... 2,207 1,868 1 


OCCUPATIONAL CONTACT 
in employment may so alter the workman’s skin 
that he may develop 


i ) a skin eruption called a true specific eczema 
from further mild exposure to the original 
irritant, or 


it) a polyvalent or non-specific eczema follow- 
ing exposure to other irritants such as soap 
and water. 


3) Claims from occupational contact dermatitis 
may be allowed when they conform to the majority 
of the following criteria, and difficult claims are to 
be referred for an opinion as to allowance to the 
Consultant in Industrial Dermatology who may re- 
quest local investigation of exposure, examination 
at the Board’s Toronto office, or referral to a con- 
sulting dermatologist: 


a) The dermatitis in question is not present prior 
to the industrial exposure. 


b) The dermatitis develops during the period of 
industrial exposure to material capable of irritating 
or sensitizing the skin. 


c) The site of the eruption is on the exposed 
parts; for example, where the irritant is a solid 
or a liquid, the hands or forearms may be affected, 
or where the irritant is a light dust or vapor, the 
face and neck or elsewhere may be affected. 


d) The appearance of the dermatitis is consistent 
with dermatitis known to have followed a similar 
exposure; for example, occupational contact derma- 
titis of the acute type consists of erythema, oedema, 
vesicles, oozing and crusting. 


e) Patch tests with suspected material are to be 
positive and carried out and interpreted by specially 
trained physicians. 


f) The dermatitis develops when the patient is 
at work and disappears when he is away from work. 


4) Continuing claims for occupational 


dermatitis are to be handled as follows: 


contact 


a) Every effort is to be made to eliminate the 
patient’s contact to irritant materials and where it 
is evident that the occupational contact dermatitis 
does not clear up within several weeks after work- 
ing conditions have been changed, it signifies that 
there is still sufficient exposure to the original irri- 
tant to affect the patient and he is to be removed 
from any type of work that involves further ex- 
posure to the irritant until his skin condition heals, 
and where the occupational contact dermatitis re 
occurs when he returns to his former work, perma- 
nent avoidance of exposure is necessary. 

b) The claims are to be finalled where the pa- 
tient finds new work which does not expose him to 
the irritant without loss of pay. 
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c) Where the patient has to accept new work 
necessitating wage loss and his rash has not re- 
occurred, the Rehabilitation Department is to at- 
tempt to place him at work away from exposure 
with equal pay. 


d) A lump sum or limited pension based upon 
impairment of earning and working capacity due to 
sensitivity is to be paid for a period of one year 
with a view to further extension where the patient 
has to take new work at a wage loss. 


e) All prolonged claims of occupational contact 
dermatitis where there are not definite signs of im- 
provement within three months after removal from 
exposure are to be reviewed by the Consultant in 
Industrial Dermatology who may order enquiry 
into exposure, further medical investigation includ- 
ing patch tests and hospitalization, Toronto exami- 
nation, and referral to a consulting dermatologist. 


5) Payments may be continued in claims of spe- 
cific and polyvalent sensitivity following acute oc- 
cupational dermatitis resulting from exposure to 
primary irritants which destroy the natural protec- 
tive mechanism of the skin making it sensitive to 
other irritants such as soap and water. 


6) Disposal of claims for industrial dermatitis is 
to be as follows: 


a) Claims which are found to be non-occupational 
are to be finalled. 


b) Claims which are complicated by irritant 


drugs with a subsequent development of a super- 


imposed drug dermatitis are as a rule cured by dis- 


continuing the use of the irritant drug and may be 
handled in a manner similar to claims of occupa- 
tional contact dermatitis. 


c) Where it is found that exposure to the irritant 
has continued accidentally or deliberately at work or 
away from work, the patient is to be advised to 
obtain work not involving exposure to the irritant 
and to 


avoid from 


exposure which 


occurs away 


work. 
i) This procedure as a rule effects a cure and 
the claims are to be handled in a manner 


similar to claims of occupational dermatitis. 


d) Where the patient develops a polyvalent sensi- 
tivity, he is to receive temporary partial disability 
allowance for a period not exceeding one year, the 
percentage being determined from the actual loss 
of earnings, and from an estimate of his impaired 
earning capacity. 

t ) When the polyvalent sensitivity is still pres- 
ent at the end of a year, a final disposal is 
to be considered, and when the condition is 
likely to be protracted, a pension award is 
to be made. 
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1) The pension award is to be based on an 

estimate of the loss of earning capacity 
with review in one, two or three years, and 
where the patient is 60 years of age or 
over and has been disabled at least three 
years since the onset of the occupational 
contact dermatitis, a life pension may be 
awarded with review at intervals of two 
years. 
The pension is to be continued irrespective 
of such exacerbations or remissions as may 
occur and the principle of the settlement is 
to be explained to the patient. 


Awards for occupational contact dermatitis 
are determined and made jointly by the Con- 
sultant in Industrial Dermatology, the head 
of the Claims Unit processing the claim, and 
the Rating Officer of the Board. The latter 
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two officers are concerned with establishment 
of the remunerative award on the basis of 
the clinical findings of the Consultant in 
Industrial Dermatology. Appeals may be 
taken from these decisions to a three-member 


committee known as the “‘Review Board” 


and appointed by the Workmen’s Compensa- 


tion Board. The Review Board is composed 
of a physician, an attorney, and a layman. 
Appeals from Review Board decisions may 
be had to the Workmen’s Compensation 
Board itself, which is likewise composed of 
three well-qualified and experienced officials, 
including one physician. No provision is 
made for judicial review of the decisions of 
the Workmen’s Compensation Board. 
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in Kat Snjection 


Cc. D. VAN CLEAVE, Ph.D. 
and 
C. T. KAYLOR, Ph.D., Chapel Hill, N. C. 


INTRODUCTION 


Although many experimental studies have 
been made on the inhalation of beryllium and 
its compounds, their emphasis has been on 
the toxicological aspects of the problem and 
directed toward duplicating the effects ob- 
served in man. Few studies have involved 
the introduction of solutions or suspensions 
of the materials to be studied into the lungs 
of experimental animals by injection into 
the lumen of the trachea.’ 
izes the 


This method local- 
material in the lung, the usual 
portal of entry into the human body, obvi- 
ates the elaborate engineering studies neces- 
sary to the preparation of dusty atmos- 
pheres for inhalation studies, and permits 
the measurements of dosages with precision 
superior to that attained in inhalation stud- 
ies. To these advantages, the present study 
adds the radioactive isotope technique. By 
the intratracheal injection of radioactive 
solutions of beryllium, it is possible to ascer- 
tain in the normal animal the mobilization of 
beryllium when injected into the lungs in 
minute amounts far below the possible levels 
of toxicity. 

The present study has been chiefly con- 
cerned with describing quantitatively the 
deposition, elimination, and retention of 

From the Department of Anatomy, University 
of North Carolina School of Medicine. 

This work was supported by a grant-in-aid of 
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tracer amounts of Be’ after intratracheal in- 
troduction of less than 1.0 ml. of Be*’SO, 


into the lungs of the rat. Retention in time 


has been followed by comparing assay data 


irom animals killed at intervals of 1 to 315 
days. Deductions have been made from such 
data as to how the material is mobilized 
from the lung and as to the anatomical routes 
of transport used in the process. The effects 
on retention of complexing the Be? and of 
altering the pH of the material injected were 
studied in attempts to explain the variability 
observed among different batches of radio- 
active material. Many of the results were 
ascribed to the vagaries of behavior of a 
radiocolloid. 

Most of the problems raised in this study 
transcend the specific effects of beryllium 
compounds. Although Be? SO, is soluble in 
chemical solutions at the pH used here, it 
is said to be precipitated as the insoluble 
anhydride at physiological pH. The mobi- 
lization from the original site of deposition in 
this study is not entirely that of beryllium 
per se but may have characteristics common 
to all finely particulate or colloidal matter. 
The method of transport of such material 
from the alveolus is of great interest, not 
only from the standpoint of the fundamental 
physiological mechanisms involved but also 
from the standpoint of its possible applica- 
tion, for example, to the treatment of 
metastases of lung origin. Finally, the data 
present information on 


respiratory tract 


clearance. 
MATERIAL AND METHODS 


The Be? used was obtained from the Oak Ridge 
National Laboratory (O. R. N. L.). Most of the 
injected material was in the form of Be7SO..4H:O 
in a solution of weak sulfuric acid, to which suffi- 
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cient NaCl was added to make an isotonic solution. 
The pH of the radioactive solution was adjusted at 
the O. R. N. L. usually to 4.5-5.0; occasionally a 
batch of Be?SO, with a pH of 2.0 was ordered. 
The pH was confirmed by test before injection. 
One batch of Be* in 1% citric acid, pH 5.0 was 
used; NaCl to make an isotonic solution had been 
added by O. R. N. L. Each shipment of Be? was 
given a batch number on arrival, as will appear 
later. 


The concentration of Be* was 3-4 mc/ml. 


Spectroscopic made 
O. R. N. L. for most batches. A typical analysis 
for Batch 9 is as follows: moderate, Al, Ca; faint 
trace, Be, B, Cr, Fe, Mn, Si, Ni; very weak, Mg; 
very strong, Na; weak, Pb, and trace, Sr. The 
radiochemical purity was stated by O. R. N. L. 
to be greater than 99%. 


analyses were available by 


Be’, the only available radioisotope of beryllium, 
is produced in the cyclotron by the following re- 
action : 

(pin) «Bet 


A whole-number figure of 53 days was taken as the 
half-life of Be*. The only detectable radiation of 
Be? is a 0.47 mev gamma ray. 

For counting purposes, tissues or organs were 
pseudoashed in concentrated nitric acid, dried, and 
counted, either directly in stainless steel cups or by 
the aliquot method, with a bismuth wall gamma 
counter. 

All animals used in these experiments were 
Carworth Farms white rats, females only, weigh- 
ing approximately 160 to 180 gm. at the time of 
injection. When separate determination of activity 
in urine and feces was desired, animals were iso- 
lated in metabolism cages of the type described by 
Bruner.? 
injections 


for the intratracheal 


The trachea was surgically exposed 


The technique 
was as follows: 
in the neck region under ether anesthesia: an open- 
ing was made between two cartilage rings with a 
sharp needle, which was then replaced by a blunted 
No. 20 needle, 1% in. long, attached to a syringe 
containing 0.3 to 0.8 ml. of the solution to be in- 
jected. The needle was inserted in the lumen of the 
trachea and pushed down as far as the bifurcation, 
then withdrawn slightly, and the contents of the 
syringe expelled quickly. The needle was then re- 
moved, and the skin incision closed by two sutures. 
Occasionally a drop of the injected solution ap- 
peared at the nostrils immediately after the re- 
moval of the needle from the trachea, but no ob- 
vious coughing or signs of asphyxiation were seen. 
killed were anesthetized with 
ether, the belly opened, and a caval blood sample 
taken. The rat was then perfused with warm saline 
through the internal jugular vein, while it bled 
to death through the abdominal aorta. 


Animals to be 


The chest 
was opened, and the lobes of the lung were removed 
separately and weighed, care being taken that the 
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weighing was completed within five minutes of the 
time respiration stopped. 


RESULTS 

Lobar Deposition and Retention —Data 
which purport to trace the mobilization of 
material that is injected intratracheally into 
the lungs ultimately rest on the validity of 
the assumption that the supposed dose of 
injected material is actually localized within 
the lumina of bronchioles and alveoli or, in 
part perhaps, the bronchi. Certain evidence, 


derived from assay of tissues at autopsy, 


from data on excretion, and from radioauto- 
graphs of sections of the lungs themselves, 
helps to define the limits of the assumption. 
In the present case the injected material is 
radioactive, and its localization and trans- 
port can be defined within the limits of error 
of the counting technique. In early experi- 
ments of the present series, about one ani- 
mal in three had to be discarded, because 
subsequent autopsy revealed much activity 
in the cervical and mediastinal tissues sur- 
rounding the trachea. The change from a 
sharp to a blunt injecting needle removed 
this difficulty. It has been mentioned above 
that occasionally a drop of the injected ma- 
terial appeared externally at the nostrils of 
the animal immediately after the injection. 
Such coughed material may be irretrievably 
lost from the total recovered count. In most 
instances such coughed material is probably 
the recovered 
Allied to the loss 


from the lungs of material actually coughed 


swallowed and appears in 


count, as fecal excretion. 


up is presumably the loss from intrapul- 
monary passages by means of ciliary move- 
ment. This likewise is assumed to appear 
as fecal excretion. 

The extent in the individual animal of the 
above initial losses via the respiratory pas- 
sages and pharynx is presumably reflected 
in its initial fecal elimination data, although 
how long this source of loss continues or its 
individual magnitude is not entirely clear 
from the available data. Unless the animal 
is killed, it is impossible to learn directly 
how much of the injected dose is initially and 


actually intrapulmonary. The assumption 
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which underlies the later data on lung re- 
tention in time is that almost all the injected 
dose was originally within the lungs. After 
24 hours, during which excretion was at its 
highest rate, 75%-92% of the total retained 
dose was found in the lungs, with none of 
the remaining retained activity deposited in 
areas incompatible with a true intratracheal 
injection. 

Assay data and radioautographic evidence 
combine to demonstrate that the distribution 
of injected material is not uniform within 


Bet RAT 

that in the group of 56 rats the left lobe had 
the highest L. D. A. R.; in other words, this 
lobe was first in order of retention 21 times, 
second 14 times, third 5 times, etc. The only 


evidence on lung clearance based on assay 


data which we have is shown in Table 1 by 
mean L. D. A. 
One group of 19 comprises rats killed on or 
before the 16th day after injection of ma- 


R.’s of two groups of rats. 


terial which was not rapidly mobilized, as 
will be shown later. If lung clearance pro- 
ceeded differentially among the five lobes 


TABLE 1.—Lung Weight, Differential Absorption Ratio, and Corresponding Order of Retained 
Be?, Activity in Three Groups of Rats Injected Intratracheally with Be7SO, 


Fifty-Six Rats Killed at Various Intervals of 1 to 240 Days. 
Nineteen Rats Killed at or Before 16 Days After Injection. 
Twenty-One Rats Killed 120 Days or More After Injection. 


Upper 


Totals 56-19-21 


Lung differential absorption ratio = - 
Be? activity per 


Table 1 


form a comparison of relative lobar deposi- 


the lungs. presents in summary 
tion among three groups of rats, based on 
assay data. In one group of 56 rats from a 
wide range of autopsies, the lobe weights, 
the lobar differential absorption ratios 
(L. D. A. R.’s) which equalize lobar weight 
differences, and the relative ranking of the 
lobes based on their retained 
are The these 56 
L. D. A. R.’s indicate that the left lobe is 
the 


autopsy, the 


3e7 activity 
shown. means of 


site of greatest retained activity at 
right superior lobe being sec- 
ond in order, followed closely by the right 
inferior lobe. The postcaval lobe is fourth, 
fifth. 


Another way of indicating retention order 


and the right middle lobe a poor 


is also shown in Table 1, in which it is seen 


Right 


Middle Lower Posteaval Totals Body Wt. 


0.157 0.136 0.912 


199.41 


0.038 0.037 29.99 
O84 


Lobes, Based on L 


1-0 14-6 


per gram of lobe 
gram of entire lung 


because of anatomical or physiological in- 
equalities, a group of rats autopsied after 
several months might show a different order 
of retention among the lobes than that as- 
sumed to represent the original order of 
deposition. The means of the L. D. A. R.’s 
and the individual order are shown for the 
two groups. Although apparent differences 
appear between the two groups, they are 
without statistical significance because of the 
wide variation in the means. 

Real lobar differences in both deposition 
and elimination of inhaled uranium oxide 
dusts were reported by Stokinger and as- 
sociates.* They attributed their finding of 
increased deposition and faster elimination in 
the right superior lobe of the rat to its ana- 
tomical position. The absence of any demon- 
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Left 
Lobe 
S. D. of 56 pe 0.068 1.030 0.032 0.064 
L. D. A. R. of 19.. 1.19 0.43 1.17 
LD. A. of 1.06 1.04 0.58 0.85 1.05 
Relative Order of Retention in ig. 1D. A. R 
] 1-7-7 l | 7-2-5 
4 8-2-4 ti-7-7 7-2-4 6-1-2 15-6-2 
‘ 8-3-5 1-1 33-12-10 12-2-7 4-2-2 
6-19-21 16-19-21 6-19-21 56-19-21 


strable amount of elimination from the right 
middle lobe was explained by the cushioning 
effect of the upper and lower lobes during 
normal respiration. However, the physical 
factors which influence deposition in various 
lobes of atmospheric dust in exposure cham- 
bers cannot be entirely comparable with those 
obtaining under our experimental procedure ; 


TABLE 2. 
Intratracheal Injection of Be 


Rat, No. . 


‘ 177, 8, 
Time of killing.. 


—Distribution of Carrier-Free Be? 
7 in 1% Citric Acid, pH 5.0 


4 days 
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35, 139, and 200 days after injection. Separ- 
ate urine and feces analyses were made on 
all animals for the first 5 days and on one 
All data 


on excretion are referred to later in a sepa- 


group of three rats for 16 days. 


rate section. Assay results at the time of 


autopsy of all 15 rats are summarized in 
Table 2. When 


3e7 is introduced into the 


in Female Rats Killed at Intervals After 


9 168, 9, 70 171, 2,3 


35 days 


165, 6, 7 174, 5, 6 


16 days 139 days 200 days 


Dose, me/kg 7.27 
% retained . 


% excreted . 


3.72 


21.02 27.58 
78.98 


72.42 


Average Total Organ Content in Percentage of Retained Dose 


16.60 


25.07 


14.60 
16.62 


74.90 83.38 


Differential Absorption Ratio 


13.70 
16.08 


83.92 


Liver .... 

Spleen 

Kidneys 

Adrenals 

Blood (organ) 

G. I. tract and contents. 
Stomach 
Small intestine 
Cecum 


1.58-0 


0.62-0 
Large intestine .... 
Pancreas and fat 

Esophagus 

Striated 

Brain 


0.18-0 
0.29-0. 
0.01-0 


musele . : ( 


1.77-0 


3.12-7.91 


0.02-0, 


Proximal epiphysis 
Distal epiphysis 
Shaft 
Skeleton 
Trachea 
Bifureation 
Thymus 
All mediastinal lymph nodes 
Lung (all 5 lobes) 
Remaining carcass 


(organ) 


(14.12) 


on the other hand, a different set of factors, 
such as rate of phagocytosis and solubility 


of the particulate, for the most part govern 
retention, and insofar as the deposited ma- 
terials are comparable, similar differential 


retention in lobes might be expected. Our 
data only suggest that such lobar differences 
in retention may exist. 

Be’ Citrate——Fifteen rats 
were injected intratracheally with either 
0.3 ml. or 0.7 ml. Be? in 1% citric acid, 
pH 5.0. The solution was isotonic. Three 
animals were killed at each interval of 4, 16, 
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( ‘arrier-Free 


0.30-1.02 
2.40-3.19 
0.01-0.19 
0.75-0.09 
0,04-0,.05 
0.45-0.15 
24 


95 


3.79)-0.08 


0.05-0.05 


0.74-6.49 
1.71-11.33 


-1.29 


0.52-0.17 
0.40-1.45 


0.82-1.10 


2.59-1.08 0-0 


0.27-1.00 0-0 


0.80-1.13 0-0 


0.01-0.09 0-0 0-0 


0.49-0,06 0.43-0.05 0-0 


0.13-0.02 0.01-0.01 0-0 


0.0- O 0.08-0.01 0-0 


0.10-0,04 0.08-0.01 0-0 


0.02-0.038 0-0 0-0 


0-0 


0-0 


0-0 
0-0 
0-0 


0-0 


0.01- O 0-0 


1] 


0.02-0.25 


(2.36)-0.05 0-0 0-0 0-0 


0-0 0-0 0-0 0-0 


09 0.68-0.03 0.82-0.04 0-0 
3.77-11.55 
0.01-0,.37 
1.16-10.87 
1.91-15.25 
0.68-9.32 
(81.33) 

0.51-6.15 
0.09-4.47 

0-0 
0.15-1.06 


4.87-8.12 


4.67-15.2 
0.02-1.19 
1.20-15.13 
2.31-19.58 
1.14-13.05 

(92.10) 

0.82-11.47 
0.17-7.33 

0-0 
0.10-0.73 
3.67-7.57 


90 .60-1.63 


4.50-12.02 
0.03-1.35 
1.31-11.27 
2.14-16.27 
1.01-9.70 
(84.50) 
0.59-7.17 


0.09-7 


3.77-9.86 
57 0.01-0.93 
0.95-8.08 
2.08-13.55 
0.70-7.09 
(69.40) 
0.58-8.62 
0.10-13.79 
0.10-1.63 
4.07-6.89 
86.33-1.46 
(18.30)-1.92 


99.940 


0.09-0.85 
2.53-3.96 

92..30-1.64 
(11.85)-1.70 
100.10 


87.50-1.61 
(20.23)-2.47 


99.900 


(7.70)-1.78 


100.038 


lungs in an already complexed form, it passes 
readily into the blood stream, from which 
over 50% of the administered dose is re- 
moved by the kidneys and excreted in the 
within 24 hours. The of 
deposition of the Be* mobilized the 
lung is the skeleton, which after four days 
the total 
following 


urine chief site 


from 


contained more than one-half of 
retained (In all the 
Tables, the weight of the skeleton was taken 
as 14.16 


3e7 retained in the lungs is practically at 


activity. 
femur weight.) By 16 days the 


the same low level found after 200 days. Ap- 


0.0 
0-0 
Pelt. .... 
0.64-5 
oes (55.7 
0.12-2 
0.023-( 
0.173- 
70.37-1. 
Carcass less skeleton and musele.............. 
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parently only negligible amounts of Be’ are 
removed from the lung by lymphatic ab- 
sorption, although persistence of activity in 
adjacent lymph nodes throughout the 200 
days may indicate the continued removal of 
particulate matter from the alveoli, That 
appreciable aggregates of Be’ material have 
reached the blood stream is indicated by the 
relatively high initial liver retention. [or 
comparison with other series, Chart 1 illus 
trates retention in time of the pertinent or 


gans and tissues. 


Percentage of Retention of 


CARCASS 
SKELETON 


TOTSL 


Retention of 


injected Dose 


v 
a 
° 
x 
=] 
° 
- 
° 
a 


SPLEEN 


MEDIASTINAL 
LYMPH TISSUE 


~IN RAT 

injected with material of presumably identi- 
but of different 
The chief difference observed 


cal chemical character 


batches. in 
the data of the four groups was an appar- 
ently reciprocal relation between lung re- 
tention and retention in mediastinal lym- 
phatic structures, such as the thymus, lym- 
phatic trunks, and lymphatic nodes. In ani- 
mals injected with Batches 9B and 11, lung 
retention of the Be’ averaged about 75% 
of the retained dose for the first 16 days 
after injection and then apparently, as in- 


Corrier-free Be’ Citrate, pH 5.0 


10 


Chart 1.—Retention after intratracheal injection of carrier-free 
shown. Each circle represents mean of three animals. 


Carrier-Free Be'SO,—Thirty-four rats 
were injected intratracheally with 0.3 to 
0.8 ml. of an isotonic 


Be®SO,4, pH 4.5-5.0. 


prised four separate groups which were in- 


saline solution of 


These animals com- 
jected on different occasions, each group 
with a separate batch of Be7SO,. The essen- 
tial at 
As has 


been indicated above, certain striking dif- 


results of assay of these animals 


serial killing are given in Table 3. 


ferences were found among series of animals 


WwW 
100 


1000 
DAYS 


Be? citrate at assay times 


Note scale. 


dicated by serial killing, fell rapidly to a low 
level of 3% by 60 days and only slightly 
more by 180 days. Concomitant with this 
decrease of lung retention, activity in the 
mediastinal lymphatic tissues of the same 
rats increased variably to average heights 
of 10 to 20%, 
the later period of serial assay. Liver re- 


which persisted throughout 


tention in these animals increased to a maxi- 
mum at 60 days and then fell sharply. In 
contrast with this pattern of lung retention, 


379 


100 
= LUNG 
LivER 
— 
0.1 
= 
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PERCENTAGE OF TOTAL RETAINED DOSE 
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CARCASS 


SKELETON 
TOTAL RETENTION 
OF INJECTED DOSE 


MEDIASTINAL 
LYMPH TISSUE 


10 100 


Chart 2.—Retention after intratracheal injection of carrier-free Be7SO,, pH 


times shown. 


PERCENTAGE OF RETAINED DOSE 


Chart 
times shown. 


Results with Batches 9B and 11 only 


PERCENTAGE OF RETENTION OF CARRIER-FREE Be? S04, pH 5.0, BATCHES 8 AND i2 
SKELETON 
CARCASS 
TOTAL 
RETENTION OF 
INJECTED DOSE 
LUNG 


MEDIASTINAL 
LYMPH TISSUE 


SPLEEN 


10 100 1000 
DAYS 


Retention after intratracheal injection of carrier-free Be*SO., pH 5.0, at assay 
Results with Batches 8 and 12 only. 


. 
AT 
PERCENT OF RETENTION OF CARRIER- FREE Be’S04, pH 5.0, BATCHES 98 AND 
100 

FEMUR 

4 1.0 LUNG 

(*) LIVER 

? SPLEEN 
0.1 
1000 
100 
10 
1.0 
LIVER 
0.1 
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TABLE 3.—Distribution of Carrier-Free Be*SO,, pH 4.5-5.0, in Rats After Intratracheal Injection 


Dose Excreted 


% Retained Dose 
32.3 205 DAR 


308 DAR 
4 Days 


80, 81, 82, 
16 Days 
127, 128, 
40 Days 
5, .. ... 108.0 


140, 141, 


60 Days 


120 Days 
106, .... 


180 Days 


240 Days 


“0.01 
143, 144, <0.01 


315 Days 


146, 147, 148, 149+. 15.95 84.05 


12.3 DAR 


Femur 


Spleen 
Trachea 


82.50 
119.00 


0.20 3.45 q 22 &4.10 


<0.01 
<0.01 


1,12 5 149.00 
<0.01 82.30 
0.19 26 3.2 143.70 
<0.01 § 2.36 82.30 


<0.01 106.909 


0.02 ‘ 19.10 71.80 


0.10 : 9.7 132.40 


0.13 2 92 j 58.20 
0.75 2.65 3.65 95.80 
41.62 


19.00 
2.99 
27.95 
1.45 


13.80 


60,40 2 


24.75 


1.03 


11.00 


<0.01 <0.01 0.68 


<0.01 <0.01 22 6.93 


0.49 


100,00 6.40 


Retained activity per gram body weight/millicurie per kilogram. 


Following 
Percentage of injected dose. 


animals which were injected with Batches 
8 and 12 showed a similar high initial lung 
retention and a decrease to about 45% at 
40 and 60 days, which amount had fallen to 


10% in 315 days. Activity in mediastinal 


lymphatic structures of these rats was per- 


sistent throughout the period of observation 
but was very low in comparison with the 
previous series, having reached a maximum 
of about 1% at 60 days. Liver retention de- 
creased very slowly to 60 days instead of 
rising to a 60-day maximum. Negligible 
spleen activity was found in both series, with 
a maximum occurring at 60 days in both. 
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values are means of the data from the several rats. 


Data on skeletal deposition are incomplete 
for the first 40 days, but essentially no differ- 
ence was seen between the two series for the 
later period. 

These apparent differences in lung re- 
tention pattern we have attempted to recon- 
cile by grouping the data from animals in- 
jected with Batches 9B and 11 to form one 
series illustrated in Chart 2 and those from 
Batches 8 
Chart 3. 

Two attempts were made to alter the above 
lung retention pattern by attempting to alter 
the physical properties of the injected ma- 


and 12 as a series shown in 


AS RE & BSE 
1 Day 
0.90 5.00 0.86 0.33 10.18 
SO, 90, 91T......... 90.0 67.8 0.25 0.44 7.77 1.46 0.12 
00 
0.70 13.91 
55.2 44.8 168 DAR 0.71 0.16 
0.82 7.69 
483 198 DAR 02) (0.13 
% 0.97 21.50 
37.7 62.3 113 DAR 0.26 ee 0.37 . 
0.62 39.18 
$0.5 59.5 83 DAR 0.20 0.48 
0.53 52.28 
as 142+.. 87.4 33.0 67.0 114 DAR 0.16 0.61 0.33 6.50 ses 6.35 5.53 67.70 0.8¢ 
% 0.57 0.25 0.65 1.63 37.50 1.36 1.29 36.95 57.00 
De wikwes 93.0 25.9 74.1 31 DAR 0.63 1.32 0.05 5.30 ws 9,22 84.20 0.72 
/ 3.66 0.68 0,22 97 62.50 7.31 4.44 76.28 
133, 134, 135t. 88.5 39.4 60.6 71 DAR 1.14 4.02 0.02 RAD one 41.23 9.07 1.27 
0.60 <001 <0.01 9 42 51.05 91.48 1.55 70.0 
103, 104+ . 37.43 62.6 56 DAR 0.16 <0.01 <0.01 7.37 65 1.20 
% 0.22 <0.01 0.01 1.26 74.90 
35.13 64.9 20.5 DAR 0.06 <0.01 <0.01 8.83 | 67.80 2.96 1.26 
<001 <0.01 9 39 8.15 55.20 10.44 1.07 81.60 
51.4$ 48.6 20 DAR 0.33 7.85 1.23 1.33 
19.33 1.50 
% 4.99 < 0.01 10.15 83.75 
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TaBLe 4.—Distribution of Carrier-Free Be'SOs, pH 2.0, in Rats After Intratracheal Injection 


= 
#87, 
2 — = = = = 
16 Days 
162, 163, 164 95.8 46.5 53.5 N 1.91 0.19 0.61 2.08 37.40 0.27 1.54 47.05 45.10 
DAR 0.61 0.72 0.07 5.31 oanen 4.02 6.23 65.90 0.80 
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terial. In one the pH of the material was tern (Chart 4) corresponds fairly closely to 


"4 ee > apiec atchec R ? 
changed from 4.5-5.0 to 2.0, and in the other _ that seen in the series from Batches 8 and 12. 


carrier was added to the solution. \nother group of 11 rats were injected intra- 


tracheally with 1.0 ml. of an isotonic saline 
Assay data from a series of nine rats in- ‘a = 
. solution of Be?SO,, pH 5.0, which contained 


jected intratracheally with 0.4 to 0.8 ml. of 
an isotonic solution of Be*SO,, pH 2.0, and 
killed at 16, 120, 180, and 240 days are pre- 


sented in Table 4. The lung retention pat- 


5 mg. Be*SO, per milliliter in suspension. 
The assay data covering the period of 1 to 
160 days are given in Table 5. The lung 
retention had dropped to 4% at 160 days, 
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TABLE 5.—Distribution of Be7SO. with Stable Carrier, pH 5.0, in Rats After Intratracheal Injection 
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tinal lymphatic structures had reached an rier favored the production of large colloidal 
8% maximum in the same animals (Chart aggregates on the alveolar walls, which were 
5). This reciprocal relation was seen also transported to the neighboring mediastinal 
in the animals of Batches 9B and 11; the data lymphatic structures. 
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Chart 5.—Retention after intratracheal injection of Be7SO,, pH 5.0, with carrier. 


Excretion—Data on elimination of Be? 
via the kidneys and the intestine following 
intratracheal for 
most animals by assaying separately the 


continually accumulated urine and feces. Un- 


injection were obtained 


der the physical conditions of the metabolism 
cage used for separating the feces from the 
urine, it is possible that the values obtained 
for urine activity represent a minimum, 
whereas the values for feces may represent 
a maximal fecal elimination plus possible 
contamination by urine in some cases. The 
possibility of the reverse contamination oc- 
curring is negligible. 
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large intestine indicated that the intestine 
was participating in the elimination of Be’. 
This fecal activity may well be excreted in 
the bile from the liver; no radioautographs 
of the intestine wall were made, which might 
show whether active secretion there was in 
Table 2 shows that in intratrache- 
Be? the 
intestinal tract and its contents was steadily 


process. 
ally injected animals in gastro- 
decreasing during the 60 days after injection 
and was undetectable in animals killed later, 
with the exception of Rat 108 killed at 180 
days. Continual record of excretion of ac- 


tivity in urine and feces separately is avail- 


TABLE 6.—Percentage of Total Injected Dose of Bet Eliminated in Urine and 


Feces After Intratracheal Injection 
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25.60 6.40 32.00 


12B 
Mean. 29.00 13.85 88.15 31.60 49.60 


One Rat 


36.40 


Injected 


2.60 


Batch 


Intravenously with Be*SO,, pH 5.0, 
45.23 


39.00 39.30 


2, 10 Days Only 
41.80 


0.93 


Cumulative means of Be? output in urine 
and feces for 16 days after intratracheal in- 
jection of Be*SO,4, pH 5.0 and pH 2.0, and 
of Be’ citrate are given in Table 6. In order 
to ascertain whether the appreciable output 


in feces represented Be* material coughed up 


and/or cleared by ciliary movements from 
the lungs, one animal was injected intra- 
venously with Be'’SO,, pH 5.0, the same 
material which was injected intratracheally 
in the group of 10 animals. Somewhat to 
our surprise, we found that nearly 19% of 
the Be’ eliminated during the 10 days after 
The 
possibility exists that at least part of this 


injection was contained in the feces. 


represented contamination of the fecal sam- 
ple by urine, but the fact that assay of the 
constituent parts of the gastrointestinal tract 
of the 
amounts 


same animal showed significant 
and small 


intestine and twice as much in the cecum and 
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of Be* in the stomach 


able only for the first 16 days after injection 
(Charts 6 and 7). Other data for later pe- 
riods showed that after the initial burst of 
fecal elimination during the first day, which 
may represent material coughed up and 
swallowed very soon after the injection, the 
total amount of fecal elimination of activity 
in many animals, except those receiving Be? 
citrate, surpassed the amount eliminated in 
the urine. How much of this persistent fecal 
elimination is due to lung clearance by ciliary 
action and how much is secreted by the liver 
or intestine wall can be estimated only on 
the the in the 


animal receiving intravenous injection. 


basis of elimination found 

Urinary excretion of Be’, as shown in 
Table 6 and Charts 7 and 8, followed the 
same pattern of a very high initial excretion, 
with a quick return to a very low but per- 
sistent level. The complexed Be* was ex- 
creted most rapidly, 54.7% of the injected 
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Chart 6.—Percentage of original dose eliminated in urine and feces 1, 4, and 16 days after 


injection. 


dose by the end of the first day, to which feces. In 3 rats of the group of 10 shown in 
only a further 1% was added during the Table 6 injected with Be?SO,, pH 5.0, 
next three days. Only about one-quarter as Batch 12, urine and feces were collected 
much Be*SO,4, pH 5.0, Batch 12, was ex- separately during Days 34 to 40, with the 
creted the first day as compared with the animals being killed on the 40th day. During 
citrated Be’ ; the fecal elimination of the two _ this six-day period, a further mean of 1.09% 
chemical forms was much more closely alike. of the total injected dose was excreted in the 
When the Be’SO, was more acid, pH 2.0, urine and 4.04% in the feces. If one esti- 
the initial amount excreted in the urine in- mates excretion during the missing Days 17 
creased. to 34 as the mean of the immediately pre- 
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data are available as to the ceding and succeeding days, a mean 68.60% 


se? elimination in urine and of the total injected dose was eliminated in 
TOTAL EXCRETION (urine & feces separated ) 
Urine 
Feces — —— 
Be’citrate (15 rats) 
Intravenous Be?S04. pH_ 5.0 (I rat) 
Be? SO«. pH 2.0 (3 rots) “ 


_Be7?SO4. pH 5.0 (IO rats) 


and 16 days. 


16 
DAYS 
Chart 7.—Percentage of original dose eliminated in urine and feces separately after 1, 4, 
385 


40 
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urine and feces of these three rats during the 
40 days that they lived. Of this total, 41.90% 
appeared in the urine and 58.10% in the 
feces. In 3 other rats of the same series of 
10, no detectable activity appeared in either 
the pooled urine or the feces of the last four 
days of their life of 222 days after injection. 


In three other rats injected with Be*SO,, 
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after injection, but beyond this point in time 
no further detectable activity in either urine 
or feces was found in any animal. 

Lung Radioautographs.—In order to fol- 
low distribution of Be? within the lobe itself, 
radioautographs of suitably prepared sections 
of lung tissue were made. The methods and 
procedures used have been described else 
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Chart 8.—Excretion of Be? 


free Be7SQO,, pH 5.0, per day for 16 days. 


pH 5.0, Batch 11, which are not included in 
Table 6, a mean 65.30% of the total injected 
dose was excreted during the 62 days after 
injection. The pooled combined urine and 
feces excretion of activity for Days 58 to 62 
was 0.52% of the total dose. A _ similar 
amount of excretion was found in other ani- 
mals during the last days of a 75-day life 
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n urine of 10 female rats after intratracheal injection of carrier- 


where. Selected photomicrographs of 
stained histological sections and correspond 
ing radioautographs of 5 sections of lung 
tissue of rats injected intratracheally with 
3e7SO, are illustrated in Plates 1 and 2. 

In general, they show that the injected 
radioberyllium was present in peripheral 
areas of the respiratory tree in the lung at 
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the time of the earliest autopsy 24 hours after 
injection, as evidenced by the blackening 
seen in the autographs. In all autographs, 
some areas of the section were free of in 
jected material, which, in other words, did 
not uniformly and completely permeate the 
area of the lobe represented. Rough meas 
the the black 


showed that they corresponded in 


urement of size of discrete 
spots 
many instances, except in long-term animals, 
to alveolar dimensions. Two points of par 
ticular interest are, first, the absence of any 
indication of radioactivity within or on the 
walls of the lumens of epithelial-lined bron- 
chioles or bronchi and, secondly, a similar 
absence of radioactivity in the aggregations 
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of lymphatic tissue in several histological 


sections surrounding or closely adjacent to 
bronchi. 

It was difficult to obtain photographically 
reproducible radioautographs of lungs of ani 
mals imjected with carrier-free It 
was our impression from a study of such 
later faint autographs as were available, as 
well as from the 1- to 40-day series shown 
in Plate 1 (Figs. 1 to 8), that the size and 
the number of the intensely black aggregates 
tended to decrease with time. Assay data 
that, 
following the initial burst of elimination in 


shown in Figures 3 and 4 indicated 
urine and feces, relatively little mobilization 
of Be? from the lung occurred before Day 16. 
The autograph shown in Figure 12, Plate 1, 
represents well the pattern of diffuse black- 
ening, with occasional small intensely black 


spots of activity, which was to be seen in 
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autographs of lungs from animals killed after 
several months. The pH change of 5.0 to 
2.0 did not seem to affect the autographic 
picture of deposition in the lung. No auto- 
graphs were obtained from lungs injected 
with complexed Be’, probably because of 
the enormous initial elimination. 

Figures 13 to 22 illustrate the pattern of 
deposition in the lungs, which was found in 
injected Be?SO, to which 
had The black 
spots are larger and more discrete than those 
Plate 1; 


suggest that they might be the result of ag- 


animals with 


stable carrier been added. 


seen in their size and dispersion 
gregates of material too large to reach the 


alveolus. The same absence of activity in 


Rats Illustrated in Plates 1 and 2 
Time 
Batch, No. Carrier pH Killed, Days 

8 Free 3.0 1 
11 Free 5.0 4 
1] Free 5.0 16 
12 Free 5.0 40 
12 Free 2.0 16 
9 Free 2.0 120 
9A Be®SO.4 5.0 1 
9A Be®SO. 5.0 16 
10 se"SO4 5.0 l 
10 5.0 16 
10B BeO 5.0 75 
9 Free 5.0 70 


bronchi and bronchioles and in pulmonary 
lymphatic tissue is found in these animals as 
in those mentioned above. 

In the series of rats injected with Be*SO, 
of Batches 9B and 11, extremely high con 
centrations of Be’ were found in the medi- 
astinal lymphatic tissues of many animals. 
Among such sites of concentration was the 
thymus gland, as shown by assay. It seemed 
most unlikely that the thymus would par- 
ticipate in the lymphatic drainage from the 
lungs, so autographs were prepared to see, 
if possible, where the assayed activity was 
localized. Figure 22 of Plate 2 shows a cross 
section of the two lobes of the thymus, the 
ventral surface to the left. The correspond 
ing autograph (Fig. 23) showed that the 
largest area of intense activity was located 
on the dorsal and medial surface of the left 
lobe, within and immediately inside the con- 
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Plate I 


All figures are photomicrographs of 5 histological sections and radioautographs, magnified 


x 5. All animals were injected intratracheally. Dosage data are given in Table 7. 

Fig. 1—Section of lung of rat killed one day after injection with Be7SO,. Note bronchus 
and its divisions into terminal bronchioles. 

Fig. 2—Autograph from section in Figure 1. The darkened areas indicate presence of 
radioberyllium in alveoli. Bronchus appears clear; not all alveolar areas show darkening. 

Fig. 3.—Section of lung of rat killed four days after injection with Be7SO,. Large bronchus 
with accompanying vessels and surrounding lymphatic tissue ncticeable. 

Fig. 4—Autograph from section in Figure 3. Considerably less darkening throughout this 
section. Absence of intense blackening in area of bronchus and related vessels and lymphatic 
tissue. 

Fig. 5.—Section of lung of rat killed 16 days after injection with Be7SO,. Large bronchus 
and lymph tissue present. 

Fig. 6—Autograph from section in Figure 5. Areas of intense blackening more noticeable 
than in Figure 4. Bronchus and lymphatic tissue conspicuously devoid of any darkening. 

Fig. 7.—Section of lung of rat killed 40 days after injection with Be7SO,. Note bronchial 
structures. 

Fig. 8—Autograph from section in Figure 7. Fairly uniform distribution of blackening 
throughout lung, with exception of the bronchus and lymphatic tissue and pulmonary vessels. 

Fig. 9.—Section of lung of rat killed 16 days after injection with Be7SOx.. 

Fig. 10.—Autograph from section in Figure 9. Note absence of blackening in area of 
bronchus and lymphatic tissue. Large concentration of Be? near upper border of autograph. 

Fig. 11.—Section of one lobe of lung of rat killed 120 days after injection with Be7SO,. 
Conspicuous bronchus, surrounding lymphatic tissue, and pulmonary vessels. 

Fig. 12—Autograph from section in Figure 11. Pattern of fairly uniform, finely dispersed 
blackening, with small punctate aggregates, was characteristic of long-term animals. Absence 
of darkening in area of bronchus and related vessels or lymphatic tissue. 
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Plate II 


Fig. 


24 


13.—Section of lung of rat killed one day after injection with Be?SQO, plus stable 
sulfate carrier. 
Fig. 14.—Autograph from section in Figure 13. Numerous very large, intensely black areas 


scattered throughout section except for position of bronchiole. 
Figures 2, 4, 6, 8, etc. 
Fig. 
Fig. 16.—Autograph of section in Figure 
here fewer in number, are present. 


15. 


Picture distinctly 


15.—Section of lung of rat killed 16 days after injection with 


The same large, 


different from 


3e7SO, plus carrier. 


intensely dark aggregates, 


Fig. 17.—Section of lung of rat killed one day atter injection with Be7SQOs, plus carrier. 


_ Fig. 18—Autograph of section in Figure 17. 
of the section and presumably of this lobe. 


The intense darkening is confined to one area 


Fig. 19.—Section of lung of rat killed 16 days after injection with Be*SO, plus carrier. 
Note bifurcation of a large bronchus. 
Fig. 20.—Autograph of section in Figure 19. Note absence of 


space occupied by bronchus. 


any signs of darkening in 


Fig. 21.—Section of lung of rat killed 75 days after injection with Be?SO, plus stable BeO 


Fig. Autograph from section in Figure 21. 
blackening in region of bronchus and lymphatic tissue. 
Fig. 
Left lobe above, right below, dorsal surface to the right. 


Fig. 24—Autograph of the thymus section in Figure 23. 


The punctate darkening still persists. 


23.—Section, 10 thick, of thymus of a rat killed 70 days after injection with 


No 


3e7SOw. 


All evidence of activity confined to 


left lobe, largest area of intense blackening is intracapsular and subcapsular and confined to 
nonthymic tissue area characterized by accumulation of pigment granules. 
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nective tissue of the capsule. Smaller areas 
seemed to extend along connective tissue 
trabeculae within the gland. True thymic tis- 
sue seemed free of any evidence of activity, 
as was the entire right lobe. The areas of 
activity in the autograph corresponded with 
areas in the histological section which con- 
tain much hemosiderin pigment. The sig- 
nificance of this is unknown. Our interpre- 
that a 
major mediastinal lymph trunk may lie be- 


tation of the “thymus” activity is 


tween the thymus and the trachea in the rat 


and that, in dissecting out mediastinal 
lymphatic tissue at autopsy, it may some- 
times be dissected free of the thymus and 


sometimes included with it. 

COMMENT 
An interpretation which attempted to syn- 
thesize the above data into a description of 
what happened when an isotonic saline solu- 
tion of radioactive beryllium was introduced 
into the lung of the rat might be of informa- 
tive value. Ignoring the possibility of a loss 
of part of the injected dose by coughing, one 
can assume that immediately following the 
injection all the material whose subsequent 
fate is to be determined is now intrapul- 
monary. Physical or anatomical factors may 
determine which lobes are recipients of the 
data it 
would appear that the left lobe most fre- 


injection. From our inconclusive 
quently received most of the material, al- 
though the right upper lobe or the right 
lower lobe was often the chief recipient. Just 
as distribution among the various lobes was 
not uniform, so within the lobe itself dis- 
tribution was irregular and nonhomogeneous. 
Within the injected lobar area the fluid has 
presumably infiltrated the progressively 
smaller passages of the bronchial tree until 
it occupies the alveolar sacs and the alveoli 
themselves. Only in the respiratory portions 
of the lung would the injected solution reach 
the network of blood capillaries and be 
separated from the blood stream by only a 
thin membrane. Immediately this contact 
is made, absorption directly into the pul- 
monary blood stream begins. 


The amount of initial absorption of in- 


jected material into the blood must depend 


390 


INDUSTRIAL HEALTH 
on the chemical and physical states of the 
material, since the average excretion by the 
kidneys in the first 24+ hours has ranged from 
15% of the injected dose of Be’SO 4, pH 5.0, 
to 55% of the original dose of the citrated 
beryllium, Meneely and associates®  re- 
ported that pure water instilled into the lung 
of the dog disappeared with a hali-time of 
less than four minutes ; saline solutions took 
four times as long on the average. Courtice 
and that little, if 
colloidal material passed from alveolus to 


Simmonds ® found any, 


pulmonary blood capillaries directly. From 
the standpoint of mobilization of our material 
from the lung, this initial loss from the 
alveolus into the blood stream is of major 
importance, and while, in turn, most of this 
blood-borne material is immediately excreted 
by the kidneys, an appreciable part is de- 
posited in the skeleton, particularly of the 
complexed ion. 

Returning to the alveolar wall, we have to 
assume that within a few hours a physiologi- 
cal pH prevails in any fluids present, which 
would lead to a precipitation of the original 
Also 


present on the alveolar membrane would be 


sulfate as the insoluble anhydride. 


any colloidal aggregates in the original solu- 
tion, either as true colloids or as radioactive 
ions adsorbed on impurities present in the 
injected solution. These particles must be 
mobilized by means other than directly into 
the blood. possible 


routes of transport are available : first, by the 


\natomically, three 
ciliated epithelium which begins in the larger 
part of the respiratory bronchioles but does 
not extend peripherally into the alveolus- 
bearing portion of the bronchiole ; secondly, 
by the phagocytic action of macrophages ly- 
ing in the alveoli, and, lastly, by the pul- 
monary lymphatics. From fecal elimination 
data we have seen that lung clearance by 
ciliary action is long continued and_per- 
sistent. The alveolar macrophages as part 
of the reticuloendothelial system engulf col- 
loidal as well as foreign particulate matter ; 
it is probable that these cells by their own 
motion reach the ciliated epithelium of the 
terminal bronchioles and are expelled or 
enter the finer lymphatic radicles to accumu- 
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late in interstitial lymphoid tissue of the lung 


or in peribronchial or peritracheal lymph 


nodes. Pulmonary lymphatics are said to 
terminate in the alveolar ducts in man, so 
that the alveoli themselves are free of lymph 
Both 
lymphatics drain into the lymph nodes at 


capillaries. pleural and pulmonary 
the hilus of the lung, which, in turn, drain 
into mediastinal trunks. 

\Ithough statement concerning retention 
in terms of percentage of total retained dose 
has many advantages, in the case of injected 
citrated Be? 
little Be? 


it may obscure the fact that very 
remained in the lungs at the end 
of four days. In three rats killed at four 
days, almost 79% of the total injected dose 
had been eliminated in the urine and feces 
by that time, and of the retained 21% of the 
dose, only 2.5% of the original dose was in 
the lungs. By 16 days less than 1% remained 
in the lungs. Liver and skeleton were the 
sites of deposition of the mobilized Be’; 
activity in spleen and mediastinal lymph 
With the complexed 
Be* ion, no barrier exists between alveolus 


nodes was negligible. 


and pulmonary capillary, and the intra 
tracheal injection practically duplicates the 
intravenous injections of Be’ citrate.’ 
The 
Even with the more freely mobilized ma 
in Chart 2, 70% of the 
retained dose remains in the lung at 16 days. 
the total in 
jected dose, of which 62% had been elimi 


situation is different with Be’SO, 


terial, as shown 
This is equivalent to 27% of 


nated in urine and feces. From data in 
Table 6 we might be justified in assuming 
that about half the total amount eliminated 
was via the feces. After 16 days, lung re- 
tention drops sharply, and from the assay 
data of mediastinal lymphatic structures we 
could deduce that most of the retained ma- 
terial had been in the form of particulate or 
colloidal matter that now was being mobi- 
lized from the alveoli into the hilar and peri- 
tracheal nodes and trunks. The deposition 
in liver, spleen, and, above all, the skeleton 
can only involve the blood stream, but depo- 
sition in lymph nodes and trunks involves 
only the lymphatics draining pulmonary tis- 


sue. If this is the explanation for the 
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very considerable deposition in mediastinal 
lymphatic tissue, we are left with the un- 
solved problem of why interstitial lymphoid 
tissue in the lung autographs is consistently 
free of any indication of radioactivity. 

The pattern of retention found in animals 
receiving injections of Batches 8 and 12 of 
Be*SO,, seen in Chart 3, suggests a de- 
crease in size of the particles retained in the 
alveoli, if we equate longer lung retention 
with slower clearance rate. The liver, which 
is instrumental in removing large-sized ag- 
gregates from the blood, here shows a low 
and decreasing rate of activity. Assuming, 
as we must, that the Be7SO, solutions which 
were injected contained the Be* in the form 
of a radiocolloid, it is not surprising that 
ditferent batches, or even the same batch at 


different times, showed differences in re- 


tention and mobilization. As the spectro- 
scopic analyses indicate, and calculations 
from activity confirm, the absolute number 
of beryllium molecules present in our stock 
solutions is extremely small and is equaled 
or exceeded by such elements as Fe, Cr, Ni, 
Pb, Al, and Ca, whose effect on the state of 
dispersion of a radiocolloid is largely un- 
known. Our attempts to alter the existing 
state by means of stable carrier and change in 
The 


of adding small amounts of heavy metals 


pH were partially successful. etfect 
would be interesting. 
SUM MARY 

Female rats of a standard size were in- 
jected intratracheally with 0.3 to 0.8 ml. of 
a saline solution containing Be? in the form 
of Be'SO, or Be’ citrate. 

By serial killing of injected animals at 
intervals of 1 to 315 days and assay of the 
autopsied animals, the retention of the in- 
jected Be? in the lungs and the distribution 
and elimination of the mobilized fraction 
were followed and compared. 

Separate urine and feces determinations 
were done on selected groups of rats for 16 
days, and others followed at intervals up to 
120 days. 

Deposition of Be? within the lobe of the 
lung was followed by means of radioauto- 
graphs. 
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Citrated Be* was almost completely mobi- 
lized from the lung at four days, 79% of the 
original dose being eliminated in that time 
in urine and in feces, and skeleton being the 
chief internal site of deposition. 

Some Be*SO, preparations were mobilized 
from the lung at a rapid rate after 16 days, 
with a concomitant increased deposition in 
mediastinal Other 
Be*SQO, preparations were still retained in 
the lung in appreciable amounts at 315 days. 


lymphatic structures. 


Excretion by the kidneys was always very 
high in the first 24 hours, then dropped to a 
low became undetectable after 
Elimination of 


level which 


75 days. Be? in feces was 
persistent for a known period of 40 days and 
during this period surpassed kidney excre- 
tion in total amount. 

The relation of these data to lung clearance 
and anatomical routes of mobilization from 
the lung is discussed. 
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Whedicine on the Washington 


HENRY N. DOYLE, B.S., Washington, D. C. 


In contrast to the recent legislative changes 
which will strengthen state rehabilitation 
programs, as reported to this meeting by Miss 
Switzer, there have been no new develop- 
ments on the Washington scene affecting 
state and local occupational health programs. 

Perhaps the largest single factor on the 
national scene presently influencing the pro- 
grams of official occupational health agencies 
is the resources of the Occupational Health 
Program of the Public Health Service and 
the extent to which they are able to meet the 
needs of these agencies. Basically, there are 
three types of assistance for which these 
agencies have looked to us. 

First, we have continuously engaged in a 
program of research and field investigations 
on occupational diseases. Through epidemi- 
ologic studies, correlating exposures in the 
working environment with the findings of 
clinical examinations, a vast body of data has 
been amassed, resulting in the development 
of standards of good practice. This knowl- 
edge has provided the state and local agen- 
cies with a sound foundation on which to 
base their corrective and enforcement work 
in industry. This type of technical assistance, 
as well as leadership and guidance in the field 
of occupational health, has continued in more 
or less undiminished degree throughout the 
years. 


Chief, Occupational Health Program, Division 
of Special Health Services, Public Health Service, 
U. S. Department of Health, Education and Wel- 
fare. 


Presented at meeting of Council on Industrial 
Health of the American Medical Association and 
chairmen of state medical society committees on 
industrial health, held Jan. 24, 1955, at the Shore- 
ham Hotel, Washington, D. C. 


A second resource—the availability of 
technical consultation, assistance in training 
new personnel, and the temporary loan of 
Public Health Service personnel to the states 
to help establish or strengthen their pro- 
grams—has been dwindling in recent years 
as a result of declining budgets. Consultation 
on medical, dermatologic, engineering, toxi- 
cologic, and other specialized problems con- 
tinues but to a curtailed degree. Although 
we conduct some training courses, our in- 
ability to intensify our efforts to meet the 
present need has undoubtedly hampered state 
and local agencies in most effectively utiliz- 
ing their personnel. Likewise, our inability 
to lend personnel may also be considered to 
impose restrictions on the functioning of pro- 
grams in areas where trained personnel are 
not available to staff them. 


The third resource—funds to assist in the 


development and maintenance of occupa- 
tional health programs—enjoyed only a brief 
life span and is no longer existent. However, 
this type of assistance was available at the 


most critical time and thus accomplished its 
major purpose. When the development of 
official programs was proceeding at a snail’s 
pace, it served to give the necessary impetus 
to the establishment of over a score of pro- 
grams. It should be noted, however, that, 
while funds are no longer specially ear- 
marked for occupational health programs, 
general health funds are still available to 
state and local departments. If they so 
choose, a portion of these funds may be used 
for occupational health. 

With this brief outline of the influence of 
the federal Occupational Health Program on 
state and local agencies as a backdrop, I 
should like to concentrate my remarks on the 
services provided by these agencies and the 
problems confronting them. Direct responsi- 
bility for applying principles of good indus- 
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trial hygiene practice and for protecting the 
health of the worker rests with these state 
and local agencies. For this reason, I believe 
that their work may be of more immediate 
interest to you in connection with your state 
medical society activities. 

GROWTH OF OFFICIAL OCCUPATIONAL 


HEALTH PROGRAMS 


To view the current status of official occu- 
pational health programs in proper perspec- 
tive, it may be well, first, to trace the growth 
of the programs. Taking a long backward 
look, we find that the first state industrial 
hygiene programs were established in New 
York and Ohio in 1913. In the succeeding 20 
years, two more and 
Mississippi—initiated programs. The mount- 
ing silicosis problem in the 1930's influenced 
directly the creation of three more official 


states—Connecticut 


divisions of industrial hygiene—in Massa- 
chusetts, North Carolina, and West Virginia. 
By 1935, the year that the Social Security 
Act was passed, there were only seven state 
programs in operation. The need for a cata- 
lytic agent to speed up their development 
was obvious. Consequently, through funds 
provided under this Act, the 
Industrial Hygiene of the 


Division of 
Health 
program to 
establish industrial hygiene units in state and 
From 1935 to 1939, 23 
programs were started. 


Public 


Service launched a_ full-scale 


local governments. 


This country’s participation in national 
defense activities and eventual entrance into 
World War II precipitated the establishment 
of 31 more state, local, and territorial units 
during the seven-year period 1940 to 1946. 
The emergency, which forcefully brought to 
light the importance of conserving man 
power in order that production might be 
stepped up and maintained, firmly estab- 
lished industrial hygiene as a public health 
function. 

Further stimulus was provided in 1947 
to 1950, when $1,000,000 of federal grants- 
in-aid for public health were designated for 
industrial hygiene and allocated on a pro- 


portionate formula basis to each of the states 
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and territories. During the three years that 
the funds were set aside, the development of 
official industrial hygiene agencies reached 
an all-time high, with all but two states 
(Delaware and Nevada) engaging in indus- 
trial hygiene work on at least a limited basis. 
Appropriations for industrial hygiene jumped 
from $1,400,000 in 1946 to $2,500,000 dur- 
ing this period. About one-half were federal 
funds. Even at that, however, the sum was 
small in comparison with the needs and 
demands, representing about 1% of the total 
state public health. About 
$2,500,000 is still being budgeted today, but 
any apparent increase has been offset by the 
high cost of living 


budgets for 


CURRENT STATUS OF OFFICIAL PROGRAMS 

Today, official occupational health pro- 
grams are found in 39 states, the District of 
Columbia, Hawaii, Puerto Rico, and 20 local 
health departments. Their total professional 
staff consists of 375 persons, comprising 
specially trained physicians, engineers, chem- 
ists, and nurses. While medical personnel are 
not found in all these agencies, the basic staff 
always includes an industrial hygiene engi- 
neer. Consequently, as a minimum service, 
all agencies are equipped to provide consulta- 
tive service on the toxicity of materials and 
processes and on methods of controlling en- 
vironmental hazards. Further assistance in 
the detection and treatment of occupational 
diseases can be provided by those agencies 
with staff physicians. Laboratory services are 
generally available for analysis of both clini- 
cal and environmental specimens. 

It may be of interest to review briefly the 
various types of services provided by a fully 
staffed occupational health agency. 

A. Engineering 

1. Surveys and studies of health hazards and 
other environmental conditions 


Collection of dust, fume, vapor, mist, and 
gas samples and the measurement of other 
environmental factors in the evaluation of 
working conditions 

3. Consultation on the design of exhaust sys- 
tems and on personal protective clothing 
and equipment 


INDUSTRIAL MEDICINE ON 


4. Recommendations for the control of oc- 
cupational disease hazards 


. Chemical 


i Analyses of air samples collected for the 


evaluation of working conditions 

2. Analyses of materials to determine their 
composition and potential injurious effects 
on the health of workers 

3. General health 


laboratory research on 


problems 
Medical 
1. Assistance in organizing industrial medical 
programs 
2. Medical 


posure Ss 


surveys for environmental ¢ 


3. Consultation relative to occupational dis 


eases 

Nursing 

1. Assistance to management in 
(a) Locating qualified registered nurses 
(b) Developing nursing services 
(c) Evaluating plant nursing programs 
(d) Developing home visiting services to 

ill workers 

2. Assistance to plant nurses in 

(a) Developing effective health programs 

(b) Planning adequate records and _ in- 
firmary equipment 

(c) Developing programs 
workers 

(d) In-service training programs 

Statistical 

1. Assistance on records and procedures 


2. Analyses of industrial vital statistical data 


3. Analysis of absenteeism 


I must admit, however, that an agency 
that can provide all these services today 1s 
in the minority because of shortages of med- 
ical and nursing personnel. \Vhereas medical 
and nursing personnel have at one time mace 
up as much as one-third of the staffs, the 
proportion at the present time is 17%. Engi- 
neering and chemical personnel account for 
80% of the total professional staff. It is 


therefore not surprising that analysis of 
the 1953 that 


technical environmental investigations con- 


activities for year showed 
stituted 90% of the direct services to indus- 
try, and medical and nursing consultation 


services, 10%. 


WASHINGTON 


SCENE 


Even with staffs at peak levels, state and 
local agencies combined were able to reach 
with services, within any one year, from 8% 
to 10% of the labor force of the country. 
In 1953, the percentage of workers reached 


was about the same, but the services included, 


in addition to the usual plant studies and 


air- 
health 


services, a considerable amount of 


pollution control and_ radiological 


work. 

Five to ten years ago, the integration of 
occupational health with other public health 
programs, including 


nursing, dentistry, 


tuberculosis and venereal disease control, 
and nutrition, was undertaken by many of 
the state and local agencies. However, sub- 
sequent personnel losses and_ turnover, 
especially among the medical and nursing 
professions, have prevented the fullest appli- 
cation of the broad concept of occupational 
health. The that 
little, if any effort, to relate the effects of 


the 


result is there has been 


working environment to such major 
public health problems as chronic diseases, 
mental hygiene, and alcoholism. 

Little has likewise been accomplished by 
official agencies in promoting health services 
for‘small plants—the largest single problem 
health today. 


units have actively sponsored demonstrations 


facing occupational Several 
of .inplant services on a_ part-time basis, 
health 
has_ been 
prevented by the limited facilities of local 
health departments. 


utilizing nursing services of local 


departments. Their continuance 


However, despite their limited staffs and 
consequent failure to realize the fullest po- 
tentials of occupational health, the contribu- 
tions of state and local agencies to the entire 
field have been extensive: A basic contribu- 
tion has been the development of technical 
methods, procedures and instruments for use 
in investigations of health hazards. Through 
their informational and educational activities, 
the official agencies have widely disseminated 
knowledge on the causes, prevention, and 
\Ithough 
not by choice, they have also rendered a 


control of occupational diseases. 


distinct contribution by serving as training 
centers for personnel who were later to carry 
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on industrial hygiene activities in industry 
and other private groups. To them also goes 
much credit for the teamwork approach to 
solving industrial health problems and the 
fostering of cooperative relationships with 
other official and voluntary groups concerned 
with worker health. 

Twenty years ago, industrial hygiene was 
a relatively unrecognized profession. Today, 
it is or a firm footing with other sciences 
and is the vocation of thousands of persons. 
The services provided by state and _ local 
units to 20,000 to 30,000 industrial estab- 
lishments annually, together with the partici- 
pation of these agencies in local institutes, 
seminars, and teaching activities, have helped 
to build a solid foundation. 


UNSOLVED PROBLEMS 


Despite the progress made in the occu- 
pational health field, however, the millen- 
nium is far from a reality. Occupational 
diseases and accidents are still occurring. 
Sickness absenteeism in industry is as serious 
an economic obstacle as it ever was. Millions 
of workers are without basic industrial health 
services. Although the larger industries can 
solve their own problems, the smaller estab- 
lishments usually need to depend on the state 
or local government for assistance. Nor is 
the situation with respect to the control of 
occupational hazards static. With the con- 
stant introduction of new potentially harmful 
substances and processes in a changing tech- 
nology, new hazards must be uncovered and 
controlled. The services of official agencies 
must therefore be maintained if they are to 
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measure up to their responsibility to prevent 
and control occupational diseases and pro- 
mote public health among the working popu- 
lation." 


I had pointed out earlier that federal 
assistance to state and local occupational 
health agencies has been declining in recent 
years. These agencies must therefore rely in 
increasing measure on their own resources. 
To be sure, there are certain functions that 
these agencies cannot logically be expected 
to assume. For example, it would be imprac- 
tical for each of them to set up the varied, 
highly specialized staff to do the basic re- 
search on the cause, prevention, and control 
of occupational diseases that is being carried 
out by the U. S. Health Service. 
However, these agencies need to build up 


Public 


their staffs so that they can improve their 
coverage of local industry, qualitatively as 
well as quantitatively. Particularly pressing 
is the need to build up the medical and nurs- 
ing components of their staffs. 

The continued operation of these programs 
depends in large degree on lay and profes- 
sional support. As chairmen of state medical 
society committees on industrial health, you 
are in a strategic position to foster such sup- 
port. These agencies can serve you and your 
community. If given an opportunity, they can 
be valuable allies to you in your efforts to 
promote better worker health. 
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She of Health 


from Air Pollution 


W. C. L. HEMEON, S.M., Pittsburgh 


There is currently no objective evidence 
bearing on the question of chronic health 
hazard due to long-continued exposure to 
air pollution; opinions among students of 
the matter are divergent. school of 
thought surmises that there may be a con- 
nection and speculates on the possibility of 
lung cancer. There can be no doubt concern- 


One 


ing the effects of acute air-pollution ex- 
posures, since they are now well documented, 
but it is not known what constituent of smog 
caused the severe respiratory irritation which 
resulted in illnesses and deaths among a 
portion of the population in several such epi- 


sodes. 


QUALITY OF THE AEROSOL SAMPLE 


In the course of research pertaining to 
these matters, the validity of the sample of 
pollutant obtained for examination is often 
a far more important problem than the 
analysis of the resulting material. 

The atmospheric pollution in our great 
cities is comprised overwhelmingly of par- 
ticulate matter and considerably smaller 
quantities of certain gases like sulfur dioxide, 
and research on the health aspects of air pol- 


lution must inevitably include primary at- 
tention to those solids. The problem of ex- 
tracting from the atmosphere a sample of 
the solid aerosols of complex composition, 


truly significant from a physiological stand- 

Engineering Director, Industrial Hygiene Foun- 
dation, Mellon Institute. 

Presented at the American Chemical Society’s 
Air-Pollution Symposium, New York, September, 
1954. 


point, presents some difficulties that are fre- 
quently ignored. For instance, there is the 
problem of excluding from a sample the 
larger particles (e. g., those above 5 to 10z) 
which, contrary to common conception, are 
always present in suspension in our city at- 
mospheres. While their proportion by num- 
ber is very small, their bulk is overwhelming 

sometimes as much as 50% to 75% by 
weight of the total sample. These oversize 
particles are not inhaled into the respiratory 
tract, as has been completely demonstrated 
by the studies of Brown and associates.’ 

If the composition of these larger particles 
were the same as that of the inhalable frac- 
tion, there would be no cause for concern, 
but the fact is that one is dealing with a 
heterogeneous mixture of substances and 
that the composition of the very fine material 
may be quite different from that of the coarse 
particles.*. In other words, the fraction of 
sample that might be significant in health 
(i. e., the particles of sizes that can pene- 
trate the respiratory system) is grossly di- 
luted with large particles of different com- 
position which can seriously obscure the in- 
formation that might otherwise have been 
obtained. 

It is, of course, possible to design a trap 
to be placed ahead of the principal sample- 
collecting element, although this poses some 
difficulties. Not the least of these difficulties 
is that the gross sample is inconveniently 
decimated in the process, and therefore the 
sample remaining available for the analysis 
may become embarrassingly small. 


CONCENTRATIONS FROM FILTER-PAPER 
SAMPLES 
We have reported elsewhere * on the de- 
velopment of an apparatus and technique for 
determining the concentration of atmospheric 
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smoke and similar finely divided aerosols, 
involving filtration of the solids from meas- 
ured quantities of air. The quantity of solids 
condensed within the pores of the filter paper 
is determined by measurement of the extent 
to which light transmission through the paper 
It 
strated, as expected, that the light transmis- 


is reduced by the deposit. was demon- 
sion value is unaffected by the presence of 
greater or less quantities of coarse particles. 
The reduction in light transmission is a re- 
sult of the scattering of light by the fine par- 
ticles present (i. e., those particles whose 
diameter is comparable to the various wave 
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If it should sometime become possible to 
mount a good epidemiological study to ex- 
plore the relation between the concentration 
and chronic impairment of the respiratory 
system, this method of measurement should 
provide a good index of concentrations of 
data 
tained in different localities in Greater Pitts- 


respirable particles. Illustrative ob- 
burgh are shown in the Figure. Incidentally, 
one striking fact brought out by such com- 
parative measurements is in the remarkable 
degree to which concentrations in widely 


separated localities frequently parallel each 


other. Quite apparently the principal varia- 
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lengths of light). Particles larger than the 
wave length of light contribute insignificantly 
to the total; hence, the measurement method 
itself automatically excludes from the result 
all but the small particles. fortunate 
coincidence, the particle sizes which are re- 


By 


flected in the light transmission value are 
precisely the ones which are inhaled into the 
respiratory system. 

While it is true that the significance is 
somewhat limited by the fact that the quan- 
tity of light scattered by such a system varies 
according to the size of the discrete particles 
as well as the number, 


we nevertheless be- 
lieve this measurement to be a superior in- 
dication of the quantity of fine solids present. 
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tions are due to hourly changes in the dis- 
persing power of the atmosphere. 
ACUTE AIR-POLLUTION EXPERIENCI 

Among the acute air-pollution episodes 
which have resulted in deaths of persons (al- 
ways due to attack on the respiratory system 
and often cardiac involvement), the most 
notorious are the Meuse Valley (1930), 
Donora (1948), and those in London (1948 
and 1952), although there have been a num- 
ber of others in Great Britain, as recorded 
by Marsh.* In none of these has the cause 
of the agent been identified, and speculation 
has ranged from vague use of the term “air 
pollution” to sulfur dioxide gas. 


8 A 
st 


HEALTH HAZARDS FROM AIR POLLI 


Tas_e 1.—Partial Analysis of Donora Smog Solids 


Percentage 


Ammonia (NHs3)............. 
Zine (ZnO) 
pH of 1% 


THE DONORA SMOG 


The Donora, Pa., smog prevailed during 
the period Oct. 27 to the morning of Oct. 31, 
1948, and most of the deaths reached a cli- 
the 
morning of Oct. 31 (by which time the fog 


max on Saturday, Oct. 30. Early in 
was beginning to lift), a series of air sam- 
ples were collected for the determination of 
sulfur dioxide. We were not equipped to 
titrate the new samples immediately after 
their absorption, and, unfortunately, this op- 
eration was not done until the following day, 
some 24 to 30 hours later. The concentra- 
tions indicated on that basis ranged down- 
ward from 0.54 ppm to about 0.1 ppm at 
midday. These values, however, were grossly 
in error owing to spontaneous oxidation that 
occurred between the time of the absorp 
tion of the samples and their titration. 

SO» 


ably later, some experiments were conducted 


Correct Concentrations.—Consider- 
which would permit us to estimate by ex- 
trapolation the probable true concentrations. 
This work was done by sampling various 
measured concentrations of SOs from a 
chamber with the same apparatus, allowing 
the solutions to rest for the same period of 
time as in the original instance, and titrating 
again. 

Repeated tests checked each other well 
and enabled us to estimate that the concen- 
tration of sulfur dioxide at 8 a. m. on the 
morning of Oct. 31 was actually about 2 ppm. 

Some separate samples, obtained later in 
the morning after the fog had become some- 
what dissipated, indicated solid concentra- 
tions of about 2.5 mg/cu. m. 

Supplementary Sample. 
meager data could not lead us to any useful 


Smog These 


conclusions. It was, therefore, particularly 
fortunate that a couple of days afterward we 


TION 


learned of the existence, in one dwelling in 
the town, of an electronic air cleaner which 
had been installed a year or so previously 
by its occupant, a sufferer from chronic 
asthma, and we were able to acquire a liberal 
quantity of solids from this unit, excellently 
representing the character of atmospheric 
solids for the smog period. The deposition 
plates had been cleaned on the Sunday pre- 
ceding the smog week, Oct. 24, and we re- 
covered some 50 to 75 gm. of smog solids 
on Nov. 3, which we regard as constituting 
the essence of the solid constituents of the 
smog during the period from Wednesday 
through Saturday, Oct. 27-30, 1948. 

There is considerable evidence suggesting 
that particulate rather than gaseous matter 
in the smog is the significant portion insofar 
as respiratory irritation is concerned. Some 
support for this view is in the fact that elec- 
tric precipitators, which act only on solids, 
remove the substances that aggravate asth- 
matic conditions; this was illustrated in the 
case of the Donora resident from whom our 
electrostatic precipitator deposit 


was ob- 


tained. 

Composition of Smog Solids—trThe first 
analytical data we obtained on these solids 
Table 1. 

Spectrographic analysis of the principal 
Table 2. 


These data were quite unsatisfying in il- 


are set forth in 


metals is shown in 


luminating the identity of lung irritants pres- 


ent in the smog. 
Adsorbed Gas.—It has been suggested that 


or 


ses adsorbed on the surfaces of the fine 
particulate matter of smog would be trans- 
ported deeply into the lungs by reason of the 


penetrating power of fine particles (soluble 


TABLE 2.—Spectrographic Analysis of Donora 


Smog Solids 


Percentage 
Iron, aluminum, silicon 
Zine, caleium, potassium.... 
Titanium, sodium, manganese, magnesium. 0.1-1 
Lead, copper, barium, strontium, nickel, 
chromium, gallium 0.01-1 
Less amounts of boron, germanium, molyb- 
denum, lithium, tin, cadmium, beryllium, 
vanadium, silver, bismuth, indium 
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TABLE 3.—Composition of Water-Soluble Extract 
from Donora Smog Solids and of Similar 
Samples from Two Other Localities 


Donora, ML, 

c 

ee 31.3 27.7 37.6 
21.2 8 2.7 


Iron and alumina 


(Fe2Os + AleOs) ......... 14 2.5 2.1 
Calcium (CaO) 3.3 6.2 1.6 
Magnesium (MgQ) ......... 5.5 2.0 32 
Sodium (Na2O) ............. 4.0 2.4 64 
Potassium (KeQ) ........... 5.5 2.5 ine 
Ammonia (NHs3) ............ 4.9 4.3 5.7 


gases cannot readily penetrate deeply) and 
thus be enabled to exert an irritant effect 
there. 

A measurement was made of surface area 
of the smog particles by the low-temperature 
nitrogen adsorption technique. That finding 
was 9.5 sq. m. of surface per gram. The 
maximum adsorptive capacity of such a ma- 
terial can be estimated on the basis of known 
figures for chemical adsorption. If one as- 
sumed that sulfur dioxide gas molecules were 
chemically adsorbed, the total carrying ca- 
pacity of the smog would be only about 2 cc. 
per gram and in worst smog conditions 
would result in transport to the lungs of no 
more than 0.1 to 0.2 cc. in 24 hours. 


Water-Soluble Fraction.—Soon after the 
original data reported above had been se- 
cured, a profitable line of investigation oc- 
curred to us, based on the concept that any 
substance producing major irritation of the 
respiratory tract (as has been the case in 
all such episodes including the present one) 
must do so by solution in the fluids of the 
respiratory system. Thus the water-insolu- 
ble fraction could be regarded only as a 
diluent of no significance. Its presence, how- 
ever, grossly obscures the significant infor- 
mation that might otherwise appear from an 
analysis of the material. 

In conformity with these ideas, a sample 
of the Donora smog solids was treated to 
extract the water-soluble fraction, following 
a preliminary removal of tarry material by 
benzene. It was found that 22% was soluble 
in water (8% was soluble in benzene). 


Similar samples were obtained from two 
other nonindustrial towns in a different part 
400 
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of the state, and a similar examination was 
conducted on them. 

The composition of the water-soluble ex- 
tract of these three samples is shown in 
Table 3. 

The soluble solids were examined by x-ray 
diffraction, which disclosed large quantities 
of zinc ammonium sulfate, ZnSO,4. 
SO 4. 6H2O and zinc sulfate, ZnSO 4. in 
the Donora sample and some similar com- 
pound in the other two samples. 

From the composition data given in Table 
3 and the information revealed by x-ray dif- 
fraction, we computed the amounts of these 
two salts that could be present in the water- 
soluble fraction. 
Table 4. 

It is seen from these figures that in the 
Donora sample almost two-thirds of the solu- 


The results are given in 


ble solids can consist of zinc ammonium sul- 
fate and zinc sulfate, the remainder doubtless 
being chlorides and sulfates of iron and of 
aluminum, calcium, magnesium, sodium, and 
potassium. 

There are some similarities and some dif- 
ferences between the Donora sample and the 
two from other localities. Each has a high 
percentage of SOs and similar quantities, as 
to order of magnitude, of the other metals. 
There is even 2% or 3% of zinc oxide in each 
of these, although there is no industrial 
source in either locality. (The one designated 
ML is a suburb of Pittsburgh and has a very 
high proportion of its dwellings heated by 
gas. The sample marked V is a rural village 
some 25 miles from Pittsburgh. ) 

The zinc content of these samples is no 
greater than a number of other metals, e. g., 
iron, aluminum, calcium, magnesium, so- 
dium, or potassium, and it would, therefore, 


TABLE 4.—Stoichiometric Calculation of Quantities 
of Zinc and Ammonium Sulfates in Water-Soluble 
Fraction of Donora Smog and of Samples 
from Two Other Localities 


Donora, ML, 
% % % 
Zine ammonium sulfate, 

ZnSO4-(NH4)2804°6H20 ...... 58 8.6 13.2 
Zine sulfate, ZnSO«-HeO......... 21 
Ammonium sulfate, 14.0 17.8 
Excess sulfur trioxide, SOs....... 11 15.8 21.8 
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have been just as logical to calculate one or 
two of those sulfates instead. 

vs. SO3.—The origin of the sulfur 
in the sulfates in at least two, if not all three, 
samples could be from the combustion of 
coal. It seems to us reasonable to suppose 
that it may unite directly with the metallic 
compounds present to form soluble sulfur 
salts, probably sulfites, which undergo auto- 
oxidation to sulfates. This hypothesis would 
relieve one of the necessity for adherence 
to the idea that has wide credence, namely, 
that sulfur dioxide gas is oxidized in the 
atmosphere to sulfur trioxide, which then 
becomes sulfuric acid on combination with 


water. 

An electrometric titration of the Donora 
smog solids was performed with the follow- 
ing results: 

Cubie Centimeters Required to Raise pH 
to Indicated Value (0.137 Gm.) 

Start 

0.2 

0.6 

Neutral 


The indicated acidity could be due to pres- 
ence of free sulfuric acid or of acidic sul- 


fates. We believe it to be the latter. 


EXAMINATION OF LONDON SMOG 


sy the good offices of Mr. E. T. Wilkins, 
of the British Department of Scientific and 
Industrial Research, we were enabled to 
examine a sample of solids which had been 
removed from an air-cleaning filter of one 
of that Department’s laboratories in London. 
This sample represented the solids removed 
from the atmosphere during the month of 
December, 1952, which embraced the notori- 
ous smog period of Dec. 5-9. 

An examination of this material was car- 
ried out in accordance with procedural con- 
cepts previously outlined. The results, sum- 
marized in Table 5, show that about 30% 
by weight is soluble in water and that the 
soluble solids contained about 21% sulfur, 
expressed as SO3. It is also seen to be rich 
in ammonia and chlorides. 

Supplementary determinations made by 
a spectrograph show the material to contain 
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appreciable amounts of sodium, potassium, 
aluminum, and magnesium. (Its zinc con- 
tent was estimated between 0.1% and 1%.) 

An x-ray diffraction examination of the 
soluble solids indicated them to be composed 
principally of ammonium chloride and cal- 
cium sulfate. 

Significance of Results —A consideration 
of these results, which brought out that the 
water-soluble fractions of both the Donora 
and the London samples were rich in sulfates 
and chlorides of ammonia, suggested that 
such salts may be the primary substances 
responsible for respiratory irritation in smog 
episodes. It is a readily demonstrable fact, 
incidentally, that the fumes of ammonium 
chloride 


sulfate sub- 


jectively irritating on inhalation. 


and ammonium are 

Irritant 
atmospheres are commonly experienced in 
workshops where galvanizing of metal parts 
is performed, in which process sal ammoniac, 
employed as a flux, is volatilized, often in 


copious quantities. 

Role of SOz.—It appears to us that sulfur 
dioxide gas is significant only as it becomes 
transformed by oxidation and neutralization 
to ammonium and metallic salts, in which 
process it creates large quantities of water- 
soluble material. There has been much spec- 
ulation concerning the possibility that sulfur 
dioxide gas is directly capable of irritation 
of the respiratory tracts, even in low con- 
centrations around 2 ppm, which is about 


the highest concentration appearing during 
the smog episodes. 


This hypothesis is not attractive to us in 
view of the very much larger quantities of 
the soluble character into 
which sulfur dioxide appears to be trans- 
formed. 


salts of acidic 


TABLE 5.—Composition of Water-Soluble Fraction 
of Solids Obtained from an Air Filter in London, 
Embracing the Smog Period of Dec. 5-9, 1952 


Percentage 
Water-soluble fraction ..... 30 


Fe2Os + AleOs ............ 


| 
NHs 99 
ave | 
Cl 4 
401 


Sources of Constituents.—Most of the con- 
stituents we have suggested as significant— 
that is, ammonia, sulfur, chlorides, and the 
various metals—are common in coal smoke, 
and it may well be that such a source is the 
origin of the substances in the smog solids 
described previously. (In the light of this 
knowledge, we have been puzzled by occa- 
sional references in British literature sur- 
mising that such solids may originate from 
sea spray. ) 

Ouality of Samples—In conformity with 
principles cited in the early portions of this 
paper, it should be noted that both the 
Donora and the London smog samples are 
imperfect representations of solids inhaled 
into the respiratory tract. The Donora sam- 
ple must include liberal weight proportions 
of particles of excessive size, and if their 
composition is greatly different from the finer 
particles, the diluent effects will distort the 
character of analytical results. The London 
smog sample was obtained by the removal 
of solids from an intake air-cleaning filter 
of low efficiency and, therefore, may be se- 
riously deficient in material of the finer sizes. 
The fine particles in the smog, however, may 
have become partially flocculated and at least 
a portion of them caught by the filter. While 
they are, for these reasons, deficient in char- 
acter, it is not believed that this fact impairs 
the qualitative nature of the hypothesis pre- 
sented herein. 

The laboratory treatment of the samples, 
solution and dehydration, may effect some 
changes in molecular relationships and dis- 
tort somewhat the picture presented by the 
x-ray diffraction results. For example, in 
the case of London smog solids, the presence 
of liberal amounts of ammonium salts prob- 
ably increases the quantity of calcium sulfate 
appearing in the soluble fraction. Thus, am- 
monium sulfate may be just as significant 
as ammonium chloride, even though the lat- 
ter salt predominated in the dehydrated salt 
mixture. 
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SUMMARY AND CONCLUSIONS 


In a consideration of aerosol sampling in 
research on atmospheric pollution and health, 
the principal problem is in obtaining samples 
of significant particle size undiluted by the 
omnipresent large particles of irrespirable 
sizes. Significant data on atmospheric con- 
centrations apart from composition can be 
obtained by light scattering measurements 
either on filter paper or in atmospheric sus- 
pension. 

There is not in existence sufficient scien- 
tific data adequately to illuminate the ques- 
tion of chronic health hazards from air pol- 
lution. There is, however, no question con- 
cerning the effects of acute air-pollution ex- 
posures. 

Fatalities and illnesses in acute smog epi- 
sodes appear to be a result of simple irrita- 
tion of the respiratory tract as distinct from 
systemic poisoning. considerable 
evidence to support the hypothesis that the 
irritant is particulate matter, whether liquid 
or solid, rather than gaseous. 


There is 


It is my opinion that only the water-solu- 
ble fraction in acute smog episodes contrib- 
utes to the irritant effect, and a study of the 
composition of this fraction can be expected 
to yield more clear-cut information on the 
identity of the irritants. Furthermore, an 
examination of the water-soluble fraction of 
two smog samples, Donora (1948) and Lon- 


don (1952), strongly suggests that the irri- 


tant substances may be acidic salts, in par- 


ticular, metal ammonium sulfates. 
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Parathion as an active ingredient in wet- 
table insecticide powders has been employed 
in orchard spray formulations for several 
years, and some assessment of its toxicity 
relative to that of other spray formulations 
has been made as a result of practical experi- 
ence involving illness and fatalities. Dusting 
formulations in which parathion is the active 
ingredient have, on the other hand, found 
only limited use in Canada up to the present 
time. They may, however, find more general 
use in the future, and in the absence of wide- 
spread practical experience on which to eval- 
uate their hazard, some experiments were 
made to determine the probable extent of 
contamination associated with their use. 

In the dusting of small crops, the insecti- 
cidal cloud may drift a considerable distance 
This 


across neighboring crops. air-borne 


dust may present an immediate respiratory 


hazard to workers in adjoining fields. Fur- 
thermore, the deposited dust may render 
such crops temporarily unsafe for handling 
or marketing. Some studies have been made 
on the settling * and drifting + of insecticidal 
dust clouds, but with the exception of the 
paper by Brooks,’ these have been related to 
only the effective coverage of the treated 
field. 

The present paper reports an assessment 
of the hazard due to drifting parathion dust, 

Occupational Health Laboratory, Department of 
National Health and Welfare. 

* References 1 to 3. 


7 References 4 to 6. 


made by taking samples of the air-borne dust 
and of vegetation at distances up to 400 it. 
from the dusting machine. The values ob- 
tained are compared with tentative limiting 
concentrations of parathion in air and on 
vegetation in order to arrive at an estimate 
of the extent of contamination. 
EXPERIMENTAL PROCEDURI 

The dust, consisting of 1% parathion in a diluent 
of clay (Attaclay of mean particle size 0.44-0.64), 
was applied from a Niagra 
Duster, which dispersed the material at a height 
of approximately 2 ft. from 10 


arranged so cabbage 


tractor-drawn Crop 


above ground 
that five 
were treated simultaneously. The rate of application 
corresponded to approximately 40 lb. per acre. 


nozzles rows of 


Two types of sample were collected during each 
trial : 
(a) Electrostatic precipitator samples. Five pre- 


cipitators, operated by portable 


arranged as 


motor-generator 
described below. The 
sampling heads were adjusted to a height of 4 ft. 
above ground, this 


units, were 


taken as the 
average breathing height of a person working in 


distance being 


the field. With a sampling rate of 
a total 


3 cu. ft/min., 
ft. of air was sampled 
in each of five 13-minute dusting trials 
cipitator 


volume of 39 cu. 
The pre- 


sampling tubes were lined with foil to 


facilitate removal of the deposit 

(b) Vegetation samples. These consisted of tur- 
nip leaves located near each precipitator at approxi- 
mately 2 ft. above ground level. 

Five replicate experiments were made with pre- 
cipitators and leaf samples located in a straight 
line downwind from the duster. The sampling dis- 
tances 100, 200, 300, and 400 ft. 

In the laboratory, the deposit on the precipitator 
tube liner was washed into a volumetric flask by 


were 50, 


a stream of iso-octane. The sample, made to vol- 
ume, was thoroughly shaken and allowed to stand 
overnight, after which the spectrophotometric 
method of Hirt and Gisclard* was used to deter- 
mine parathion in an aliquot of the supernatant. 
The vegetation samples were extracted with iso- 
octane and acetonitrile by the method of Jones and 
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Riddick ® and analyzed by the method of Wilson 
and associates.1° After extraction of the leaves, 
the leaf areas were determined by counting of 
squares on a superimposed grid. 

Parathion concentrations are expressed in micro- 
grams per 100 sq. in. of leaf surface. It has been 
found experimentally that 100 sq. in. of turnip 
leaf=23.6 gm. (average figure). Multiplication of 
the microgram amounts given here by the factor 
0.042 will express the parathion values in parts 
per million. 


It will be noted that by the analytical methods 
employed the parathion content of the 
samples was determined; consequently possible 
fractionation effects in the dust cloud need not be 
considered. 


actual 


EXPERIMENTAL RESULTS 

The results of analysis of the vegetation 
and electrostatic precipitation samples ob- 
tained from the five replicate trials, together 
with related wind data, are given in Tables 
1 and 2. The tabulated results were cor- 
rected as described below. 


In carrying out the tests, the intention had 
been to make tests at two or three repre- 
sentative wind velocities and also to move 
either the dusting apparatus or the sampling 
equipment in such a way that the equipment 
was within the dust cloud at all times. It 
was not possible to realize either aim. Neither 
sampling equipment nor duster could be 
moved quickly enough to compensate for 
veering of the wind. Consequently, tests 
were made only when the wind direction be- 
came relatively steady. This, in turn, re- 
stricted considerably any choice in the mat- 
ter of wind velocity. 


TABLE 1.—Parathion Collected by Electrostatic 
Precipitators During a Thirteen-Minute 
Dusting Trial at an Application Rate 

of Forty Pounds per Acre 


me Total Micrograms Parathion 
Cloud Collected from 39 Cu. Ft. of 
Envel- Air, Corrected by Means 
gion, oped of Column (III) Data 
age Sampling Distance Downwind from 
Wind Equip- Duster, Ft. 
Speed, ment, - 
Trial M.P.H. Est. % 100 200 
1 7.6 76 2,860 1,035 234 90 30 
2 7.3 60 2,930 951 252 78 30 
3 3.0 80 3,900 903 311 
4 8.0 50 3,580 864 198 58 
5 7.0 953 208 57 
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TABLE 2.—Parathion Collected by Turmp-Leaf 
Samples During a Thirteen-Minute Dusting 
Trial at an Application Rate of Forty 
Pounds per Acre 


Micrograms Parathion 
Cl = i Collected per 100 Sq. In. of 
Envel Leaf Area, Corrected by 
Aver- oped Means of Column (III) Data 
age Sampling Distance Downwind from 
Wind Equip- Duster, Ft. 
Speed, ment, ~, 
Trial M.P.H. Est.% 50 100 200 300 400 
1 1,776 357 110 44 
2 1,050 316 0 
3 see — 821 275 48 34 19 
i As in As in 1,080 402 124108 18 
Table l Tablel 
5 1,130 197 40 4 


an estimate was made 
of the percentage of time that the dust cloud 
enveloped the sampling equipment, and the 


During each trial, 


results were adjusted to represent the hypo- 
thetical condition in which the dust cloud 
enveloped the sampling equipment for the 
entire sampling period. 

The corrected concentrations of parathion 
in air (Table 1) followed approximately the 
pattern of a semiexponential regression, and 
a curve of this type, fitted by the least squares 
method, is shown in Figure 1. Similarly a 
semiexponential curve was fitted to the data 
for concentrations of parathion on vegetation 
(Table 2) and is given in Figure 2. 

COMMENT 

A. Air Samples—The American Confer- 
ence of Governmental Industrial Hygienists 
has proposed a threshold limit value for para- 
thion in air of O.ly per liter (2.8y/cu. it.) 
for continuous eight-hour exposure.*' For 
a 13-minute trial at a sampling rate of 3 cu. 
ft/min., this concentration in air would 
amount to 109, parathion collected in the 
precipitator. By reference to Figure 1, the 
downwind distance corresponding to 109 
is approximately 260 ft. Thus between the 
dusting machine and a point approximately 
260 ft. downwind of it, the air-borne concen- 
tration of parathion exceeded the threshold 
limit value. 

The concentrations discussed here and in 


Section B below occur in an area of width 
equal to the visible width of the dust cloud, 
the cloud being viewed from a point upwind. 
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An experiment conducted with precipitators 
arranged in an arc at a distance of 400 ft. 
from the dusting source indicated a para- 
bolic decrease in concentration outward from 
the visible edge of the dust cloud. 

B. Vegetation Samples —Whereas the con- 
centration of air-borne parathion is relatively 
constant at any given distance during dust- 
ing operations under steady wind conditions, 
there is a continual deposition of the material 
on vegetation as the dust settles out of the 
The 
extent of this deposition after a 13-minute 


air downwind from the treated field. 
trial is given in Figure 2. As a result of a 


1000 


DUSTING (MIN.) 


OF 


DURATION 
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study of parathion surface residues on 
peaches,’* a value of 107/100 (65y/100 
in.*) appears to be a safe concentration of 
residue the This 
tentatively considered to be a limiting value 


on fruit. concentration, 
in relation to hand thinning of peaches, is 
assumed to be applicable to residues on vege- 
table crops when similarly handled. By ref- 
erence to Figure 2, for a value of 65y/100 in.” 
on foliage, the safe distance for handling of 
crops is seen to be approximately 190 ft. 
from the dusting source. Thus an area which 
is continually exposed to the drifting dust 


cloud will, following a 13-minute dusting 


DISTANCE DOWNWIND 


100 


FROM DUSTING SOURCE (FEET) 


Fig. 3.—Relation between duration of dusting and extent of deposit on 
vegetation which exceeds the limit for safe handling (657/100 in.*). 
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trial at the rate of 40 Ib/acre, be unsafe 
within 190 ft. of the source during the period 
immediately following dusting. There is con- 
siderable scatter in the values from the repli- 
cate trials, owing in part to the variations 
in average wind speeds. Thus the distance 
of 190 ft. is a very approximate value. The 
dusting experiments were all of 13-minute 
duration. However, at any given distance 
downwind, the concentration of parathion on 
vegetation varies linearly with time, and the 
relation between time and downwind distance 
for any fixed semi- 


concentration will be 


exponential. Therefore, the distance at 
which the threshold value of 65y/100 in.* of 
parathion residue occurs may be expressed 
as a function of time, as is shown in Figure 
3. Dusting times of 30 and 60 minutes cor- 
respond to distances of 280 and 390 ft.,t re- 
spectively, within which the concentration 
of parathion on the vegetation exceeds the 
value of 65y/100 in.* 


SUMMARY 

Dusting of a vegetable crop was carried 
out with a commercial insecticide consisting 
of 1% parathion in a diluent of attapulgus 
clay. The dust was applied at the rate of 
40 lb. per acre, and for wind speeds in the 
range 3 to 8 m. p. h. the following conditions, 
applying to the area enveloped by the visible 
dust cloud, were found: 


(a) Parathion in the air at breathing 


height sufficient to constitute a respiratory 


hazard to a distance of approximately 260 ft 
from the dusting source. This distance is 
based on a threshold limit value of O0.1y/liter 
of parathion in air for continuous exposure. 

(b) Parathion on vegetation in amounts 
exceeding the limit for safe handling up to 
distances (in feet) which are related to the 
dusting period (in minutes) by the relation: 
Log (time)=2.21 log (distance )—3.87 
Thus, for dusting periods of 30 to 60 min- 
utes, vegetation is contaminated to distances 
of 280 and 390 ft., respectively, from the 
dusting source. These 


limiting distances 


t These distances apply to the day on which 
dusting occurred. For weathering of parathion, con- 
sult Sloan and others.!% 


are based on a threshold value of 65y per 
100 sq. in. for safe handling of vegetation. 

These experiments were conducted at the Do- 
minion Department of Agriculture 
Substation at Ste. 
Mr. W. A. Browne, Officer-in-Charge, 
plot and the facilities of the substation at our 
disposal, and Mr. F. LaPlante, the resident fore- 


man, arranged the provision of building space for 


Experimental 
Clotilde de Chateauguay, Quebec. 
put a test 


analysis and the dusting equipment used in the 
tests. 
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As part of a study of parathion exposure 
and cholinesterase response of orchard work- 
ers in Quebec, samples of spray mist were 
taken during spraying operations with para- 
thion, and leaf and air samples were taken 
subsequently. The samples were collected 
between May 30 and August 1 in three 
orchards in the Farnham and St. 
d’Abbotsford areas of Quebec. 


Paul 


The experimental results reported here 
were obtained from orchards in which con- 
centrate sprayers were used, and they sup- 
plement, in part, the previously reported 
data,t which were obtained for dilute sprays 
applied by rocker-type sprayers and hand 
spraying methods. Dilute sprays (34 to 1% 
Ib. of 15% wettable powder per 1000 Ib. of 
water) are generally applied to the foliage 
as relatively coarse droplets in large volume, 
usually to the point of run-off. On the other 
hand, concentrate sprays (2 to 4 or more lb. 
of 15% wettable powder per 1000 Ib. of 
water) are applied as a fine mist which ad- 


heres to the foliage at the point of contact. 


EXPERIMENTAL PROCEDURE 


A. Spray Samples——During the spraying opera- 
tions, samples were taken in the tractor-operator’s 
breathing zone. Fritted glass bubblers containing 
spectroscopic alcohol were used in the collection, 
and the analysis was made by the method of Hirt 
and Gisclard.? 


Occupational Health Laboratory, Department of 
National Health and Welfare. 
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B. Leaf Samples—A sample of approximately 
40 leaves * was taken randomly from two or three 
adjacent trees. Subsequent samples for the same 
test were taken from the same trees. The samples 
were shipped to the Ottawa laboratory, extracted 
by the method of Jones and Riddick,? and ana- 
Wilson and 
associates. Samples from trees which had received 


lyzed by the semimicro method of 


no parathion spray were also analyzed as controls. 

C. Air Residual Samples—During May and June 
air residual samples were collected on silica gel. 
Air was drawn through two tubes in series, each 
containing 80 ml. of 14-20 mesh gel, at a flow rate 
of 10 1. p. m. The gel was then treated with iso- 
octane and the parathion-iso-octane mixture stripped 
from it with water. The parathion solution in iso- 
octane was analyzed by the method of Hirt and 
Gisclard.? 

During July, air residuals were collected in large 
fritted glass bubblers, the sample being trapped in 
60-80 ml. of ethanol at a flow rate of 2 l.p.m. and 
analyzed as above. 


RESULTS 

A. Spray Samples——The results of all 
spray samples are given in the Table. The 
concentration and rate of application of para- 
thion are included, the latter being an esti- 
The 


recorded concentration of parathion in air 


mate given by the spray operator. 


is an average of the results of from two to 
six 20 to 30 liter air samples. 

Two additional samples were taken in 
Orchard 3 at the operator’s breathing zone 
during tank-filling operations. The collected 
material in this case would be mainly air- 
borne dust of the parathion concentrate as 
it was added to the tanks. Concentrations of 
1.62y and 1.05y/l—average 1.34,/l—were 
found. 

* The approximate total surface of the sample 

was 1000 cm.? (160 sq. in.). 


PARATHION SPRAY CONCENTRATIONS 


Parathion Spray Concentrations—Abbotsford, Quebec—Operator Breathing Zone—15% Wettable Powder 


Parathion 
in Air, 


M. 
0.42 


Air 
Measure- 
ment, 
M. P. H. 


Application 
Rate, 
Gal/ Tree ( 


1.5-2 


Orchard 
Honey 


Date Type of Sprayer Spray Formulation * 


Myers concentrate 4P/208 /3C/100W 


Honey 
Thomson 
Lorquet 


6/12 


Myers concentrate 
Hurst conversion 
Hurst conversion 


4P/208/3C/100W 


3P/24S8/2.5C/100W 


1.5P/100W 


1.5-2 
3.5-4 
8-10 


0.40 
0.34 


0.02 


Honey 
Lorquet 


7/11 


7/21 


Turbomist 


* Expression 4P/208/3C/100W 
water. 


means 4 Ib 

B. Leaf Samples —1. Orchard 1; Sprayed 
May 30: Leaf samples taken 1 hour after 
spraying showed 48.8 (average of 52.3 and 
45.2) ppm and 12 hours after spraying 42.8 
(average of 46.1 and 39.4) ppm of surface 
residue of parathion. Air samples taken at 
these intervals in the area showed 


0.121ly and 0.029y of parathion per liter of 


same 


air (y/l.), respectively. This indicates a rate 
of decay of parathion on leaf of 0.54 ppm/hr. 
and a corresponding rate in air of 0.0077y/ 
I/hr. Average temperature and humidity 
during the first hour after spraying were 


Turbomist Sprayer 


Formulation: 
4 Ibs. Parathion 15° wettable 
powder + Slbs. charcoal per 
1000 Ibs. water. 
Rate of Application: 
3 gal. per tree 
Decay during first 40 hrs. «0-63 3/gm_/hr 
Final decay rate = 0-062 3/gm./hr 


PARATHION RESIDUE ON APPLE LEAF ( 
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ELAPSED TIME FROM SPRAYING (HOURS) 


Fig. 1—Values of leaf residue from Orchard 1, 
Sprayed July 11. 


Hurst conversion 


parathion 15% 


4P/3C/100W 3 
4P/100W 3 


0.29 
0.52 


wettable powder, 20 Ib. sulfur, and 3 Ib. charcoal in 100 gal. 


) 


m 


g 


Hurst Conversion Sprayer 


Formulation: 
IS Ibs. Parathion 15% 
wettable powder per 
1000 Ibs water. 


Rate of Application: 

8-10 gal. per tree 
Decay during first 40 hes. = 5:3 3/qm./he. 
Final decay rate = 0-035 3/gm./hr. 
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Fig. 2—Values of leaf residue from Orchard 3, 
Sprayed June 12. 


75 F and 40%; during the first 12 hours, 
68 F and 38%. The average wind speed was 
below 0.5 m. p. h. 


2. Orchard 1; Sprayed July 11: Leaf 


samples were taken 5, 41, 96, and 188 hours 
after spraying. The values of leaf residue are 
plotted in Figure 1. Average temperature 
and humidity during the first five hours 
after spraying were 83 F and 55%; during 
the next 36 hours, 78 F and 65%. The 
average wind speeds during these two 
periods were 2.5 m. p. h. and 3 m. p. h., 


respectively. 
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Hurst Conversion Sprayer 


Formulation: 
4 Ibs. Parathion 15% 
wettable powder per 
1000 Ibs. water. 
Rote of Application: 
3 gal. per tree. 
Decay during first 40 hrs. 0408 ¥/gm./hr. 
Final decay rate = 0-027 3/gm./hr. es 


PARATHION RESIDUE ON APPLE LEAF ( 3/gm.) 


40 80 120 160 
ELAPSED TIME FROM SPRAYING (HOURS) 


Fig. 3—Values of leaf residue from Orchard 3, 
Sprayed July 25. 


3. Orchard 3; Sprayed June 12: Leaf 
samples were taken 12, 22, 391%, 62, and 
91 hours after spraying. The values of leaf 
residue are plotted in Figure 2. Average 
temperature and humidity during the first 
12 hours after spraying were 55 F and 72% ; 
during the next 10 hours, 45 F and 74%. 
The average wind speeds during these two 
periods were 0 to 0.5 m. p. h. and 2 m. p. h., 
respectively. 

4. Orchard 3; Sprayed July 25: Leaf 
samples were taken 8, 351%, 9014, 160, and 
200 hours after spraying. The values of leaf 
residue are plotted in Figure 3. Average 
temperature and humidity during the first 8 
hours after spraying were 63 F and 68%; 
during the next 2314 hours, 75 F and 60%. 
The average wind speeds during these two 
periods were 2 m. p. h. and 6 
respectively. 


C. Air 


Residual Samples. — Values of 


parathion residues in air from samples taken 
in Orchard 1 on May 30-31 are given above 
(Section B1). Air samples were also ana- 
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lyzed in conjunction with the leaf samples 
of Figures 1 to 3. However, none of these 
air residue values exceeded the blank value 
of 0.02y/1., obtained with the silica gel col- 
lection method. This blank value was ob- 
tained in the apple-growing district but at a 
location several miles from parathion-treated 
orchards. 

A few of the samples collected in bubblers 
exhibited 
spectral curves of these 


samples indicated that the absorption was 


slight absorption at 


transmittance 


caused largely or entirely by substances other 
than parathion. On the other hand, the spec- 
tral transmittance curves for the residuals 
reported in Section Bl confirmed the pres- 
ence of parathion. 
COMMENT ON RESULTS 

A. Spray Concentrations in Operator's 
Breathing Zone.—The concentrations (0.02y 
to 0.52y/l.) recorded in the Table for con- 
centrate sprays and equipment are lower 
than those previously reported! for dilute 
sprays and equipment where concentrations 
ranged from 2y to 15y/l. The application of 
dilute sprays (say 1 lb. of 15% wettable pow- 
der/100 gal. of water) at an average of 6 
to 10 gal. per tree and of concentrate sprays 
(say 4 lb. of 15% wettable powder/100 gal. 
of water) at an average of 3 to 4 gal. per tree 
results in about the same amount of para- 
thion on the tree in each case, although the 
dilute spray is applied as relatively coarse 
droplets and the concentrate as a much finer 
mist. 

An examination of the Table reveals that 
a dilute spray applied by means of a con- 
centrate-type sprayer (Orchard 3, Sprayed 
June 12) gave a very low concentration at 
the operator’s breathing zone in spite of the 
slower rate of movement of the vehicle in the 
orchard to provide the increased volume of 
spray. The reduced hazard with concentrate 
sprays is more likely related simply to the 
distance between spray nozzles and operator 
(12-15 ft. horizontally with concentrate and 
2-4 ft. horizontally and vertically with dilute 
applied by hand) than to physical differences 
in the air-borne particles. 
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PARATHION SPRAY 

\lthough the spray concentrations in the 
Table are below those previously found, they 
are still three to five times the accepted 
threshold limit concentration of parathion in 
(O.ly 1.) 


Thus since exposure, although seasonally 


air for continuous exposures. 
intermittent, may continue for several days 
at a time, the use of protective equipment 
is indicated. 

During tank-filling operations, which usu- 
ally take from one to three minutes, the 
average breathing zone concentration is 
1.3y/l. This exposure, although brief, may 
occur many times in a day, and since it is 
more than 10 times the accepted limit, the 
use of protective clothing for this operation 
is also indicated. 

B. Leaf Residues. and 3 all 
exhibit a rapid decay of residual parathion 
during the first 40 hours, followed by a much 


Figures 1, 2, 


lower decay rate, in general agreement with 
data reported by Decker and associates ° 
and Fahey and associates.’ The much higher 
initial associated 


concentration on foliage 


with the application of a dilute spray (Fig. 


the 
weather data for the sprays of Figures 1 to 


2) is surprising. An examination of 
3 reveals that lower temperature and lower 
wind speed coincided with the higher initial 
concentration of Figure 2. 
dilute 


sprays on the foliage may also have contrib- 


Differences in 


distribution of and 


concentrated 
uted, since leaf samples were taken from only 
approximately the lower one-third of the 
foliage. 

Although the initial decay rates depend on 
the initial concentrations of parathion on the 
foliage and therefore differ, the final decay 
rates are fairly uniform, with an average 
value of 0.04y/gm/hr. The surface/weight 
ratio for leaf samples was found to be 
approximately 50 sq. cm. per gram. Thus, 
initial concentrations on the foliage ranged 
from approximately 45y to 2507/100 sq. em/ 
gm., initial decay rates from O0.82y to 10.6y 
/100 sq. em/hr., and final decay rates from 
0.05y to 0.12y/100 sq. em/hr. 

C. Air Residues —An examination of the 
records of wind velocities from the time of 


CONCENTRATIONS 


spraying to the time of sampling revealed 
that 


prevailed when the air samples of Orchard 1 


windless or near-windless conditions 
(May 30 spray) and Orchard 3 (July 25 
spray) were taken. In the first case, the con- 
centration of parathion in air was 0.121y/L., 
and 0.029y/1. at 1 hour and 12 hours, re- 
spectively, after spraying. In the second case, 
the presence of parathion was indicated, but 
interferences obscured measurement. 

Light winds occurred within the period 
during which air samples were taken follow- 
ing the other sprays recorded in the Table, 
and it must be concluded that even very light 
winds rapidly reduce air residual concen- 
trations to very low levels under the present 
experimental conditions. Differences between 
formulations 


dilute and concentrated spray 


may account for the higher values of air 
residues reported previously, although the 
closer spacing of the trees in the orchards 


was undoubtedly a contributing factor. 


SUMMARY AND COMMENTS 


For sprays containing 3 to 4+ lb. of para 
thion 15% wettable powder per 1000 Ib. of 
water, applied at the rate of 0.12 to 0.15 Ib 
(of 15% wettable powder) per tree, or 
equivalent conditions, the following concen- 
trations of parathion were found: 

(a) Average spray concentrations in the 
operator’s breathing zone of 0.3y to O.5y per 
liter of air. 

(b) A concentration of parathion on apple 
foliage immediately following spraying of 
55y to 85y per gram of leaf (i. e., per 50 
cm.?, approximately). A rapid decay of para 
thion on foliage during the first 40 hours 
after spraying, followed by a much lower 
decay rate, the respective rates being ap- 
proximately O.5y to 5y and 0.04y/gm/hr. 

(c) Under near-windless conditions a con- 
centration of 0.12y/1l. of parathion in air in 
the orchard within one hour of spraying, 
with a rate of decay of 0.008y/1/hr. Under 
conditions of very light winds (3-4 m. p. h.) 
no significant concentration of parathion in 
air within one hour, or more, of spraying. 
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The data on spray and residual concentra- 
tion reported here indicate that with con- 
centrate sprayers symptoms of severe para- 
thion poisoning are not likely to occur, 
provided that elementary precautions are 
observed in the handling and use of the 
insecticide. Nevertheless, several severe cases 
of parathion poisoning have occurred in this 
area. In each case which could be investi- 
gated, it was found that some gross exposure 
to parathion occurred as a result of negli- 
gence. Typical of such exposures are direct 
skin exposure during nozzle cleaning, wear- 
ing of nonwaterproof clothing drenched with 
spray, excessive skin contact with the con- 
centrated parathion during tank filling, etc. 
Thus it appears that many of its users have 
not yet been sufficiently impressed with the 
need for proper handling of an insecticide as 
toxic as parathion. 
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on the 


Toxicity of Hy drazine 


J. H. WEATHERBY, Ph.D. 
and 
A. S. YARD, B.Sc., Richmond, Va. 


Within recent years hydrazine has assumed 
a role of considerable importance in chemical 
industry, and present indications suggest 
even greater usefulness in the future. How- 
ever, investigations concerned with its poten- 
tial hazard to health have not kept pace with 
its industrial applications, especially with re- 
spect to the possibilities of subacute or 
chronic intoxication. Krop?* reviewed the 
general subject of the toxicology of hydra- 
zine, and more recently Comstock, Lawson, 
Greene, and Oberst * reported results of their 
studies on acute, subacute, and chronic intox- 
ication from inhalation of its vapor. Since the 
relevant literature has been reviewed in these 
publications, it does not seem appropriate to 
duplicate it here. 

In experiments concerned with the effects 
of chronic exposure of animals to hydrazine 
vapor, Comstock and associates used 2 dogs 
and 10 rats at a vapor concentration of 
6 mg/m.® and 4 dogs, 30 rats, 20 mice, and 
10 guinea pigs at a concentration of 18 
mg/m.* Exposure in both experiments was 
for six hours per day, five days per week. 
In the former experiment, the duration ap- 
pears to have been 28 weeks, and in the latter, 
39 weeks. During the course of exposure to 
the lower concentration, there were periods 
during which the dogs showed signs of in- 
toxication, vomiting, and fatigue. The rats 
exhibited little evidence of intoxication ex- 


From the Department of Pharmacology, Medical 
College of Virginia. 


cept for sluggishness, which appeared late in 
the experiment, although two of them died. 
Lesions found at autopsy after termination 
of the experiment consisted of areas of em- 
physema, with adjacent areas of atelectasis 
in both species. At the higher concentration 
of hydrazine, the dogs showed similar signs 
of intoxication, though apparently of a more 
exaggerated nature. At autopsy, livers of 
these dogs showed pigment-laden Kupffer 
cells, often with prominent vacuoles in the 
central lobular zone and in the spaces of 
Mall. The pigment was thought to be hemo- 
siderin and was noted in the spleen also. No 
well-defined toxic signs were seen among the 
other animals except for sluggishness among 
the rats, although there was a high death rate 
among all species. From these experiments, 
as well as from others more acute in nature, 
the authors conclude that a safe atmospheric 
concentration of hydrazine must be below 
6 mg/m.* 

The experiments described below also deal 
with the toxicity of hydrazine when taken 
into the body in small amounts over an ex- 
tended period of time. In one experiment, 
rats received low concentrations of hydrazine 
in their drinking water for a number of 
weeks, and in the other, guinea pigs and dogs 
were exposed to low concentrations of the 
vapor in the atmosphere for extended periods 
in much the same manner as that described 
by Comstock and associates. 


TOXICITY BY INGESTION 


Groups of 10 young male albino rats received 
the following concentrations of hydrazine in their 
drinking water: 2 mg., 1 mg., 0.5 mg., 0.2 mg., and 
0.1 mg. per milliliter; a control group received 
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SUBACUTE TOXICITY OF HYDRAZINE 
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‘0.5 mg/ml.) on a weekly basis. 


415 


INDUSTRIAL 


AVG WEIGHT IN GMS.-AVG FLUID CONSUMPTION IN C.C 


HYDRAZINE 


5 SACRIFICED, 1 DIED 
| AND REMAINDER PUT ON WATER 


1.Omg./mi 


WEIGHT 


HYDRAZINE 


WEEKS 


HEALTH 


HYDRAZINE CONSUMPTION, MG./KG. OF RAT 


Fig. 5.—Average weights of animals, average fluid intake, and average hydrazine intake 


(1.0 mg/ml.) on a weekly basis. 
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SUBACUTE TOXICITY OF HYDRAZINE 
water alone. Fresh solutions of hydrazine were pre- 
pared at frequent although chemical 
analyses indicated that no significant decomposition 
had occurred. Weights of the animals and consump- 
tion of water and hydrazine were recorded at weekly 
intervals. Significant data are shown in the accom- 


intervals, 


panying Figures. The animals were very reluctant 
to accept concentrations of hydrazine of 0.5 mg. per 
milliliter or higher. Several in these groups died 
within the first few weeks and were destroyed by 
At the end of the third week, 
half of those receiving 1 mg. per milliliter were 


their cage mates. 


killed, tissues prepared for microscopic study, and 
the remainder given water containing no hydrazine. 
Groups receiving 2 mg. and 0.5 mg. per milliliter 
were treated similarly at the end of the fourth 
week. Also, half of those receiving 0.2 mg. per milli 
liter were killed at the end of the sixth week, but 
the remainder continued to receive hydrazine as 
before. The experiment was terminated at the end 
of 14 weeks, and all surviving animals were killed 
\ctual hydrazine intake for the groups receiving 
0.1 mg. and 0.2 mg. per milliliter varied between 
60 mg. and 160 mg. per kilogram per week in the 
former instance and between 100 mg. and 300 mg. 
per kilogram per week in the latter. These figures 
indicate average daily intakes of about 15 mg. and 
25 mg. per kilogram, respectively. The acute L. D.« 
(oral) for young rats as determined in this labo- 
ratory is about 60 mg. per kilogram. 


Pathology.—Heart, spleen, 
stomach, small intestine, kidney, adrenal, 


lungs, liver, 
pancreas, and testes were prepared for mi- 
croscopic examination. In some, the brain 
also was examined. No pathological changes 
were observed which could be assigned to the 
action of hydrazine, either in those animals 
which were killed early in the experiment or 
in those which survived for the duration of 
the experiment. Growth was inhibited in all 
animals which received hydrazine—in gen- 
eral, the greater the concentration the greater 
the inhibition. This lack of proper growth 
may have been due to a restricted water in- 
take (and perhaps also to a restricted food 
intake) rather than to a specific action of 
hydrazine. Because of the considerable waste 
of food by the animals, no attempt was made 
to measure food consumption. 


TOXICITY BY INHALATION 


The gas chamber used for this experiment had a 
capacity of 1.156 cubic meters and was of the 
negative pressure type. Hydrazine vapor was gen- 
erated by passage of a metered stream of dry air 


through hydrazine base maintained at a temperature 
of 27 C. The vapor was discharged into the air 
inlet of the chamber. An atmospheric hydrazine 
content of 6 mg/m.* was sought. Equilibrium was 
obtained within minutes after 
beginning operation. Actual chamber atmospheric 
hydrazine content was determined by frequent anal- 


approximately 30 


ysis of air samples. Variation was noted from day 
to day, but most of the analyses indicated concen- 
3 and 6 mg/m.* The analytical 
procedure used (suggested by the Chemical Corps 
Medical Laboratories) closely resembles the well- 
Folin Wu blood sugar. Two 
milliliters of phosphomolybdic acid solution plus 
5 ml. of water is placed in an N.P.N. 
similar container. A 


trations between 


known method for 


tube or 
metered volume of chamber 
atmosphere is bubbled through this solution which 
removes the hydrazine quantitatively. After stand- 
ng 10 minutes, this heated for 10 
minutes in boiling water, cooled, transferred to a 
Klett tube, diluted to 10 mi., and read in a Klett- 
Summerson colorimeter with a No. 42 filter (blue). 


Che hydrazine content is read from a curve pre- 


solution is 


pared by treating known dilutions of hydrazine in a 
similar manner. 


Eight mature male guinea pigs and two male 
Ex- 
posure was for six hours per day, five days per 


mongrel dogs were exposed simultaneously. 


week. Four guinea pigs and one dog were used as 
control subjects. All animals, both experimental 
and control, were deprived of food and water while 
the experimental animals were in the gas chamber. 
The dogs began to exhibit signs of intoxication 
(extreme weakness and muscular incoordination) 
after five days’ exposure. On the seventh day, one 
dog was found in a moribund condition. This animal 
died a few minutes thereafter, and the other dog 
killed. Tissues were obtained from both for 
microscopic examination. The experiment was con- 
tinued with guinea pigs alone, which up to this 
time had shown no distinct evidence of intoxication. 
In both the experimental and the control groups, 
weight fluctuated somewhat from week to week, 
sometimes indicating a gain and sometimes a loss. 
It is doubtful if significance should be attached to 
this, since the animals, which were fully mature 
at the outset, were deprived of food and water for 
a six-hour period each day of exposure. 

In view of the fact that the guinea pigs showed 
little or no evidence of intoxication, even though 
the dogs were seriously affected, it was decided to 
increase the concentration of hydrazine. Accord- 
ingly, on the 10th day of exposure, the rate of 
introduction of hydrazine was increased so that 
analyses showed 4 to 8 mg/m.* Concentrations were 
continued within these. limits for the remainder of 
the experiment. 


Was 


On the 41st day, two dogs (one male, one female) 
were added to the experimental group. Within 24 
hours, the male exhibited the same type of muscular 
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weakness and incoordination previously noted. How- 
ever, its condition improved noticeably thereafter, 
and it remained more or less free of symptoms until 
21 days after the beginning of exposure (14 days’ 
actual exposure time). All animals were killed after 
another week, that is, five days of actual exposure. 
For the guinea pigs, the total duration was 69 days 
(47 days’ exposure), and for the second pair of 
dogs, 28 days (19 days’ exposure). During this time 
one guinea pig died and one was killed because of 
obvious illness. The remaining guinea pigs (six) 
appeared in good health at the termination of the 
experiment. 


Pathology.—Heart, lungs, liver, kidney, 
adrenal, spleen, small intestine, and stomach 
were prepared for microscopic examination. 
Pathologic changes in the first two dogs were 
limited almost entirely to the livers and kid- 
neys. 


Livers showed marked central zone 


fatty change. A few areas exhibited necro- 
sile can- 
aliculi were markedly distended with accum- 


biotic hyalinization of liver cells. 


ulated bile pigment, even the small canals 
between the liver cells. Kidneys exhibited 
marked congestion in the proximal cortical 
zone, with foci of apparent capillary damage 
in which capillaries were distended with 
blood and with moderate hyperplasia of the 
endothelial cells. Other tissues and organs 
were essentially normal except for relatively 
minor changes in the lungs, which consisted 
of slight thickening of alveolar walls and 
In the second 
pair of dogs, changes were limited to the 


small patches of atelectasis. 


livers and were similar in character to those 
noted above, though less severe. One of 
these, the female, showed no signs of distress 
during the course of the experiment, and in 
this animal pathological changes were min- 
imal. 

In the guinea pigs, pathological changes 
were almost entirely confined to lungs. These 
consisted of marked lymphoid hyperplasia, 
with many small nodules throughout the 


lungs ; diffuse atelectasis, with central patches 


which were more dense, and infiltration of 
chronic inflammatory cells. There was much 
entrapped air, and a few areas of distended 
alveoli, with ruptured walls due to compensa- 
tory emphysema. 
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COMMENT 

Little need be added concerning the ex- 
periment on toxicity of hydrazine when the 
mode of introduction into the organism was 
by way of the drinking water. The rats used 
in this study refused to accept hydrazine in 
sufficient quantity to cause pathological 
changes which could be related definitely to 
the hydrazine, although in the group which 
received 0.2 mg. per milliliter the average 
daily intake was of the order of 25 mg. per 
kilogram. This may be compared with the 
oral L. D.59 of 60 mg. per kilogram. 

With respect to the experiment concerned 
with the toxicity of hydrazine by inhalation 
the experiences of the authors resembled 
those of Comstock and associates in most de- 
tails. The two dogs exposed first in the ex- 
periment described above exhibited more 
extensive lesions, especially those involving 
the liver, than did the dogs exposed to a 
comparable concentration of hydrazine by 
Comstock and associates; in fact, they re- 
sembled more closely those reported by these 
authors from a concentration of 18 mg/m. 
However, the second pair of dogs exposed as 
described above exhibited fewer symptoms 
of intoxication and only minimal liver dam- 
age. 
pected among mongrel dogs, even when se- 


Perhaps such variability is to be ex- 
lected with reasonable care. In any event the 
evidence presented here substantiates the 
conclusion of Comstock and associates that a 
safe atmospheric concentration of hydrazine, 
particularly for repeated or prolonged ex- 
posure, is below 6 mg/m.*, perhaps much 
below. 
SUM MARY 

White rats which were given drinking wa- 
ter containing hydrazine in concentrations of 
0.1 mg. per milliliter or higher restricted 
their fluid intake, the higher the concentra- 
tion of hydrazine the greater the degree of 
restriction. 

With concentrations of hydrazine of 0.1 
mg. per milliliter or higher, both rate of 
growth and survival were adversely affected. 

Apparently rats will not ingest voluntarily 
sufficient hydrazine when it is dissolved in 


|__| 


SUBACUTE TOXICITY OF HYDRAZINE 
their drinking water to bring about patholog- 
ical changes usually associated with hydra- 
zine intoxication. 

Exposure of guinea pigs to an atmosphere 
containing concentrations of hydrazine vapor 
of the order of 5 or 6 mg/m.* during a 
period of 69 days caused little evidence of 
illness or distress, although at autopsy the 
lungs of such animals indicated pneumonitis 
and atelectasis. 

Dogs exposed to hydrazine vapor simul 
taneously with the guinea pigs mentioned 
above usually exhibited marked muscular 


weakness within one to five days and, in gen- 
eral, were much less tolerant of hydrazine 
than were the guinea pigs. 

Pathological changes in tissues of dogs so 
exposed mainly involved the liver, with the 
kidney and the lung’ exhibiting relatively 
less damage. 
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A Kapid Technique for Estimating 


in Exposure 


An Application to Benzidine and Some of Its 3,3’-Disubstituted Analogues in Urine 


LOUIS J. SCIARINI, Ph.D. 
and 
JOHN A. MAHEW, B.S.,7 New Haven, Conn. 


Exposure to benzidine or its homologues, 
whether by inhalation, ingestion, or skin 
contact, has been a matter of special concern 
to industry from the standpoint of the work- 
er’s health. Where these materials are syn- 
thesized or handled, a keen vigil over the 
worker’s health necessitates information re- 
vealing the degree of exposure to which the 
worker is constantly subjected. A satisfactory 
index of exposure can be obtained by an 
estimation of the urinary benzidine output. 

A large number of analyses are required 
in a program * designed to follow the work- 
er’s exposure to, and excretion of, benzidine 
or some of its analogues (dichlorobenzidine, 
o-tolidine, and dianisidine) or a mixture of 
them. Therefore, a simple, rapid procedure 
is especially desirable. The following tech- 
nique, an outgrowth of various procedures 
which have been explored and developed 
over a period of years, has been used with 
satisfactory results in this Laboratory, as 
well as under field conditions. It requires 
only a single extraction with a small volume 
of solvent, an ethyl acetate-acetone mixture, 
thereby avoiding the use of ethyl ether which 
has been utilized in other procedures.* While 
retaining sensitivity, the described method 

From the Section of Occupational Health, De- 
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of Medicine. 
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Service. 


1 and 2. 


possesses a further advantage in that it per- 
mits the simultaneous analysis of as many as 
24 specimens of urine in a period of three 
hours by a trained laboratory technician. 


REAGENTS 
Sodium hydroxide (A.R.), a 20% solution. 
Ethyl acetate-acetone, a freshly prepared mixture 
of 10 volumes of ethyl acetate (A.R.) and 9 volumes 
(ALR); 


Glacial acetic acid (A.R.). 


of acetone 


toluenesulfonchloramide) 
obtained from the Matheson Co., Inc. 


Chloramine-T (sodium 


PROCEDURE 


It is especially recommended that the anal- 
yses be conducted either on freshly voided 
urine or on refrigerated samples, for if the 
urine specimens are allowed to stand at room 
temperature for several hours, slow decom- 
position commences, with a corresponding 
loss of benzidine. 


The analytical procedure is carried out in 
the following manner: 


1. To each 15 ml. urine sample in a 40-50 ml 
glass-stoppered bottle are added a few drops of a 
20% sodium hydroxide solution to insure a pH 
of 8.5-10.0 as determined with pH paper. 

2. Twenty milliliters of ethyl acetate-acetone sol- 
vent are added to the basified urine, the bottle shaken 
for one minute, and the phases allowed to separate. 

3. Eight milliliters of supernatant liquid are then 
transferred to a 15 ml. graduated centrifuge tube, 
and the volume is made up to 15 ml. with 7 ml. 
of distilled water. Both phases are gently stirred 
with a small glass rod to insure thorough washing. 

4. Five milliliters of the supernatant liquid are 
transferred to a Klett colorimeter tube, and a 
sufficient number of drops of acetic acid are added 
to dispel cloudiness and obtain a perfectly clear 
solution. 

5. A blue filter (No. 42; spectral range, 400-465 
m#; max., 440 m#) is used with a Klett-Summerson 
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TECHNIQUE FOR’ ESTIMATING 
colorimeter. The colorimeter is adjusted to zero 
(0) with the clarified liquid from Step 4, and to 
the tube is added a small portion (0.04-0.06 gm.) 
of chloramine-T. The tube is gently shaken to dis 
solve the reagent, and, if necessary, another drop 
or two of acetic acid is added to clarify the solution 
A maximum yellow due to a 


color meriquinone 


complex develops within two minutes; the readings 
must be taken within this time, because the complex 
is unstable and decomposition commences shortly) 
after maximum intensity is attained. 

6. The final readings obtained for benzidine or 
its congeners are read against a standard curve, 
previously prepared by adding known amounts of 
benzidine or its urine and 


congeners to carrying 


it through the procedure outlined above. 


COM MENT 


The standard curve of benzidine illustrated 


in the Figure is the plot of calibration data 
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MICROGRAMS OF BENZIDINE PER 15 ML. SAMPLE 


Calibration Curve for Benzidine Determination 


obtained by averaging the results of analyses 
made between October, 1951,and November, 
1954. The accuracy of multiple determina- 
10° Cc, 


that of the lower range is approximately 


tions in the 2y-10y range is + while 
15%. The accuracy for the determination of 
dichlorobenzidine, o-tolidine, and dianisidine 
The 


ratios for the same microgram concentrations 


is similar to that of benzidine. color 


BENZIDINES 


between benzidine and these congeners are 
approximately 1.08, 1.33, and 0.78, respec- 
tively. 

Although control urines of unexposed men 
usually show colorimetric readings from 0 
to 2, the equivalent of Oy-10y per liter of 
benzidine, readings as high as + have been 
recorded on rare occasions. 

Benzidine compounds with substitutions 
meta to the amino group do not react to 
the same extent with chloramine-T as the 
ortho-substituted compounds, because more 
stability is conferred by substituents in these 
positions. 

The test 
conjunction with a procedure of diazotization 


chloramine-T may be used in 
and coupling in the analyses of samples of 
whole urine, as well as in solvent extracts, 
to estimate benzidine or homologues of it in 
the presence of low-reactive analogues and 
other aromatic amines. 


SUMMARY 

\ rapid technique for measuring benzidine 
and some of its 3,3’-disubstituted analogues 
has been developed. 

As an index of exposure, this procedure 
is simple and easily adaptable for use in a 
chemical plant where as many as 24 analyses 
may be made simultaneously. 

A number of possible uses of the chlo- 
ramine-T reagent have been pointed out. 
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Al Sampling Technique or 


Particle-Size Distribution by Combined Use of Light and Electron Microscopes 


J. D. WILCOX, B.S. 

and 

W. R. VAN ANTWERP, A.B. 
Army Chemical Center, Md. 


The limit of resolution of the light micro- 
scope lies between 0.2” and O.8» for small 
particulates, depending on the properties of 
the particulate and the optical equipment 
used.* Thus, the measurement of particles of 
less than ly is subject to considerable error. 
The electron microscope has a comparable 
resolution of approximately 100 A. or 0.01. 
However, the maximum useful field width in 
this instrument is about 20y, and particles 
larger than this cannot be measured accu- 
rately. The number of particles per unit 
area probably cannot be correctly determined 
for particles larger than 10y. A particle-size 
analysis of a very heterogeneous sample 
(i. e., particles from to obviously 
cannot be obtained without the use of both 
instruments. Several successful attempts to 
obtain a combined light-electron microscopic 
particle-size analysis have been made. The 
method presented below has been found to 
be suited particularly to heterogeneous air- 
borne samples. 


SAMPLING TECH NIQUE 
The sampling technique consists of depositing the 
particulate material directly onto an electron-micro- 
scope specimen film, supported on a 200 (or 400) 
From the Chemical Corps Chemical and Radio- 
logical Laboratories. 
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mesh screen, which is mounted in the supporting 
cap used in the electron microscope. A five-stage 
cascade impactor? is used to obtain a partially 
size-graded sample. The individual jets yield size 
graded sample fractions to fall readily within a 
lu-100" range for the light-microscope analysis or 
within a 0.014-104 range for the electron-microscope 
analysis. Special slides and screws, designed to ac 
commodate the electron-microscope film-screen-cap 
assembly, are used in the cascade impactor. The 
Figure is a photograph of the assembled slide and 
its components. 

Initially, all samples (from each cascade-impactor 
jet) are examined in the electron microscope. After 
it has been established that there are no submicron 
particles present on some samples, an analysis of 
these is made with a light microscope. The remain- 
ing samples are analyzed with the the 
electron microscope. The impaction area of each 
jet is studied and measured with a light micro 
scope, 


use of 


using scattered light. Any 


arising from the difference in height of the screen 


discrepancies 


and the cap are assessed quantitatively. After the 
nature of the individual jet samples has been deter- 
mined as just described, a complete analysis of the 
individual jets and of the entire sample is carried 
out, as outlined in the following steps. 

1. An integrated set of particle-size class intervals 
is established so that the particles may be readily 
classed on a subsize basis (i.e., all particles be- 
tween 13 and 14 are classified as less than 14; all 
particles between 14 and 15 are classified as less 


than 15, etc.). In general, these intervals are so 
selected that the range of each interval is less 
than 10% of the class value. 


2. Those samples which are suited to light micro- 
scopic examination are analyzed by projection. The 
number in each class interval and the total area the 
count represents are recorded. 

3. Electron micrographs are taken of the remain- 
ing jet samples and the plates analyzed by projec- 
tion. Again the represented count area is recorded. 
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SAMPLING TECHNIQUE FOR 

4. An area factor is calculated (the ratio of the 
impaction area to the area counted) for each jet, 
and the total number in each class interval on each 
jet is found by multiplying the number counted in 
each class interval by the jet area factor. 

5. The number of particles in each class interval 
for the complete sample is found by the addition 
of the data for the five jets. 

Any desired method of representing the data can 
be used. Most of the samples analyzed have had an 
essentially logarithymiconormal distribution, and 
the data are represented as a straight line on log- 
probability paper. Log-probability plots of number, 
surface, and mass, surface, and 


number, mass 


AIR-BORNE 


PARTICULATES 


can be dissolved and then formed into an 
electron-microscope specimen film with the 
sample imbedded therein may provide quanti- 
tative results. 


In previous work of this type, the speci- 


men cap has not been used. Although a 
perfectly level surface cannot be obtained 


with the screen mounted in a cap, examina- 
tion of other methods used (screens crimped 
into indentations, on 


magnetized screws, 


etc.) shows similar surface discontinuities. 


ELECTRON MICROSCOPE SCREEN HOLDER 


ELECTRON MICROSCOPE SCREEN 


ASSEMBLED SAMPLING SLIDE 


SGREEN HOLDER ADAPTER SCREW 


~~ PLASTIC SAMPLING SLIDE 


A CASCADE IMPACTOR SLIDE WHICH IS USED FOR COLLECTION OF A SAMPLE 
DIRECTLY ON A THIN FILM FOR ELECTRON MICROSCOPE EXAMINATION 


median diameters, the average diameter, the 
metric standard deviation,? and a linear-log 
frequency plot are usually obtained 


size 


COMMENT 

The cascade impactor used * is considered 
efficient only over a 0.24-100u range. Never- 
theless, particles from 0.024 to 200 have 
been measured in various samples. An ef- 
fluent filter is used to collect the particles 
which “slip” through the impactor, and a 
qualitative estimate of this material is ob- 
tained. The use of a plastic filter * which 


* References 4 to 6. 


Collodion films on 200 mesh screen can be 
used satisfactorily for low-velocity cascade- 
impactor jets. However, it is necessary to 
use Formvar films and 400 mesh screen to 
prevent excessive film rupture from the air 
blast in high-velocity jets. (Flat, electro- 
deposited screens should be used.) 

This general technique has also been used 
successfully in connection with centrifugal, 
thermal, and gravity methods of particle 
deposition. However, these methods have 
not generally afforded size-graded samples, 
and the higher geometric standard deviations 
consistently obtained with the cascade im- 
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pactor indicate some superiority for the 
measurement of heterogeneous samples. 


Mr. Abraham Koblin, Chemical and Radiological 
Laboratories, Army Chemical Center, offered help- 
ful suggestions in the design of the special cascade- 
impactor slides. 
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C. M. JEPHCOTT, Ph.D. 
and 
H. F. V. WALL, M.A., Toronto, Canada 


Silicosis is a widespread occupational dis- 
ease caused by the prolonged inhalation of 
finely divided crystalline silica, and an ac- 
curate method for the determination of 
quartz in air-borne dusts is essential for the 
proper evaluation of working environments. 
The vast majority of the particles which 
reach the alveoli of the lungs are less than 
3 in diameter, and it is with these very fine 
particles that the Industrial Hygienist is 
mainly concerned. The purpose of this in 
vestigation was to develop a quick and simple 
method for the quantitative estimation of 
quartz of different particle-size ranges which 
would be suitable for the analysis of dusts 

For the determination of quartz in mix- 
tures, the most widely used method is per- 
This 


procedure requires expensive equipment, and 


haps the x-ray diffraction technique. 


the accuracy obtainable with very finely dli- 
The 


differential thermal method has been studied 


vided quartz has been questioned.’ 
recently? but, again, special apparatus is 
necessary and the accuracy decreases with 
decreasing particle size. 

Several chemical procedures have been in- 
vestigated. These depend upon the use of a 
reagent which will decompose silicates while 
leaving quartz unattacked. 


Such reagents 


as potassium pyrosulfate,® fluosilicic acid, 
fluoboric acid, sulfuric acid, and phosphoric 


acid have been studied, but most of these 


From the Division of Industrial Hygiene, De 
partment of Health of Ontario. 


ixtures 


methods are time-consuming, and of limited 
application, or are unsuitable for use with 
very fine dusts. A description of most of 
the available methods is given by Jacobs.' 

Of the noted 


phosphoric acid seemed to be the most prom- 


chemical reagents above, 


ising for further study. 


REVIEW OF THI 
The 


silicate mixtures by the use of phosphoric 


PHOSPHORIC ACID METIHIIOD 


determination of quartz in quartz- 
acid was first investigated in Germany. In 
1932 


reagent for the direct estimation of quartz 


Hirsch and Dawihl® employed this 


in ceramic raw materials. Later Steger,® 
(1940) applied the same procedure for an- 
alyzing industrial dusts. 

These investigators heated their phos- 


phorie acid rapidly to 250 C and digested 
their samples at this temperature. On sub- 
sequent dilution of the phosphoric acid with 
water, they found that the decomposition 
products of the silicates were not completely 
soluble but that a gelatinous precipitate was 
formed, the amount of which depended upon 
the length of the digestion period. This pre- 
cipitate, both and 
phosphorus, was filtered off with the unal- 


tered quartz and gave a plus error in the 


which contained silica 


results. This was counterbalanced, in part, 
by the minus error caused by the dissolution 
of a small amount of quartz. No correction 
was applied for either of these errors. 

States, Durkan’ (1946) 
(1951) investigated this 
They studied the dissolution of 
quartz of different particle sizes in phos- 


United 
Talvitie 
method. 


In the 
and 


phoric acid and the action of this acid on 


various minerals. They showed that with 


very fine dusts the amount of quartz dis- 
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solved necessitated a large correction being 
applied, reducing the accuracy of the method. 

Neither Durkan nor Talvitie reported the 
temperature at which they digested their 
samples in phosphoric acid. From their re- 
sults, it was thought that a temperature of 
250 C was used, as they obtained also a 
gelatinous precipitate on dilution with water. 
This precipitate is troublesome, as it hinders 
the filtration and its removal presents diffi- 
culties. Durkan used dilute hydrofluoric 
acid, while Talvitie used fluoboric acid, but 
both these reagents are objectionable, as they 
will attack very finely divided quartz. 

PRELIMINARY EXPERIMENTS 

1. Preparation of Mineral Samples—A 
sample of commercially ground quartz of high 
purity was separated, by sieving and water 
sedimentation, into the following particle- 
44yu-74u, 20p-44 10u-2( 
2u-5p, and minus Ip. 


size fractions: 

The loss on ignition and the weight of the 
residue after a hydrofluoric acid-sulfuric acid 
treatment were determined. On each frac- 
tion, the weights did not exceed 0.5% of the 
sample. 

The other minerals were ground in a ball 
mill and then separated by sieving and water 
sedimentation into the following particle-size 
fractions: 44yu-74u, 5u-44u, and minus 5z. 

2. Decomposition Temperature.—Prelim- 
inary experiments were done to determine 
the optimum heating temperature. The re- 
sults of the other investigators were con- 
firmed, as it was found that when silicates 
were heated to 250 C in phosphoric acid, 
the decomposition products were not com- 
pletely soluble on dilution with water. It 
was thought that digesting the minerals at 
a lower temperature might overcome this 
difficulty. A temperature of at least 230 C 
was found necessary for the decomposition 
of most silicates. When the temperature is 
kept between 230 and 240 C, no precipitate 
is formed on dilution if the weight of the 
sample does not exceed 0.25 gm. This modi- 
fication simplifies the method, as it avoids 
the formation of a troublesome precipitate. 
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3. Size of Sample.—It was found that the 
formation of a gelatinous precipitate during 
the digestion period can be prevented by 
limiting the size of the sample used for anal- 
ysis. A precipitate is formed more readily 
with feldspars than with micas or clays, but 
with samples not exceeding 0.25 gm. no pre- 
cipitate is formed with any of the minerals 
tested. 

4. Heating Interval. 


that 0.5 gm. samples of most of the com- 


It has been reported 


monly occurring silicates when ground to 
pass through a 200 mesh sieve will be com- 
pletely decomposed in phosphoric acid at 
250 C within 15 minutes. In the present 
investigation it was necessary to redetermine 
the heating interval when the temperature 
was kept between 230 and 240 C. It was 
found that 0.25 gm. samples of the following 
minerals would be completely decomposed 
within 15 minutes if the particle size was 
74 and within 5 minutes if the particle 
size was —5y. 
biotite 
calcite 


kaolinite 
labradorite 


oligoclase 
olivine 
chlorite 


magnetite serpentine 


gypsum microcline titania 


hematite muscovite 
hornblende nepheline 

Sulfide minerals, such as pyrite, pyrrho- 
tite, and chalcopyrite, are not directly at- 
tacked by phosphoric acid but must have a 
preliminary treatment with aqua regia. 


PRELIMINARY TREATMENT OF SAMPLES 


Samples of a particle size greater than 74 are 
ground to pass through a 200 mesh sieve before 
being analyzed. 

If sulfide minerals are present, the 
digested in a few milliliters of warm aqua regia and 
The 
residue is transferred to a 100 ml. platinum dish 
with dilute hydrochloric acid and again evaporated 


sample is 


then evaporated to dryness on a hot plate. 


to dryness. The subsequent treatment of the sam- 
ple is the same as described below (except that 
the phosphoric acid, after cooling to 100 C, is 
added to the residue in the platinum dish, rather 
than the residue to the acid). 


PROCEDURE 
Thirty milliliters of 85% orthophosphoric acid is 
put in a 100 ml. platinum evaporating dish and 


slowly heated with constant stirring to 220 C. 


— 


QUARTZ OF VARIOUS PARTICLI 
Initially, the excess water is driven off at about 
180 C, and on further heating an anhydrous mix- 
ture of phosphoric acids is obtained. After cooling 
to about 100 C, the sample to be analyzed (0.25 
gm.) is added, held at 
temperature until any foaming subsides 


and the mixture is this 
The mix 
ture is then reheated and maintained, with constant 
stirring, at a temperature between 230 and 240 ( 
for 5 or 15 minutes, depending upon the nature of 
the sample. 

With mixtures such as foundry sands or ceramic 
clays, a five-minute heating interval is sufficient, 
regardless of the particle size of the sample. With 
difficultly 


more such as 


decomposable silicates, 
feldspars and talc, a five-minute heating interval 
can be used only if the particle size of the sampl 
is known to be less than 5. 

After cooling for two or three minutes, the mix 


ture is slowly poured into a 400 ml. beaker con 
distilled The platinum 


dish is rinsed out with distilled water, the mixturt 


taining 125 ml. of water. 


in the beaker stirred, and the undissolved particles 
settle. When 


present, macerated filter paper and a few drops of 


allowed to very fine particles art 
concentrated hydrochloric acid are added, and the 
mixture allowed to stand overnight before filtration 
filtered Whatman No 
44 filter papers, using double papers if necessary. 
Opalescent filtrates are refiltered through the 
filter papers, which is usually sufficient to remove 


The mixture is through 


Same 
any visible suspension. The precipitate is washed 
several times with hot dilute hydrochloric acid. It 
is then ignited in a tared platinum crucible, cooled, 
and weighed. 

If unknown, the particle size of the larger quartz 
grains in the precipitate must be determined at 
this time. This is done by dispersing a very small 
amount of the quartz in water, evaporating a drop 
of the suspension on a microscope slide, and meas- 
uring the size of the larger particles by means of 
filar This information 


a graticule or micrometer. 


TABLE 1. 


Particle Size, ltojiu 


Heating Quartz 
Interval, Taken, 
Min. Mg. 


9 


Quartz 
Found 
188.4 


200.0 187. 


200.0 
200.0 186.6 
200.0 185.2 


200.0 182.2 


Dissolution of 


Particle Size 


Heating Quartz 
Interval, Taken, 
Min. Mg. 


200.0 


Quartz 
Found 


100.0 


50.0 


SIZES 


—Dissolution of Quarts 


Vuart 


is necessary when calculating the quartz content 
of the sample. 

The precipitate in the crucible is moistened with 
a few drops of concentrated sulfuric acid, and 5 ml. 
of 48% hydrofluoric acid is added cautiously. After 
standing 15 minutes, the crucible is warmed on a 
hot plate and kept at a temperature of 50 to 60 C 
until a clear solution is obtained. This takes from 
a few minutes to a few hours, depending upon the 
The 


the crucible brought to a 


particle size of the quartz. solution is then 
evaporated to dryness; 
red heat, cooled, and weighed; and the weight of 
the residue recorded. 

The weight of the residue is subtracted directly 
weight of the precipitate. The 


residue is very small, except with dusts containing 


from the quartz 


such materials as quartz with imbedded im- 


purities, talc, graphite, or artificial abrasives. 


CALCULATION OF QUARTZ CONTENT 


The quartz content of the sample is cal- 
culated as follows: 


100 
where 


phosphoric acid. 


weight of precipitate after treatment with 


R = weight of residue after final treatment with 
hydrofluoric and sulfuric acids. 
dissolution of 


( correction factor for the 


quartz (Table 7). 
S = weight of sample. 
DISSOLUTION OF QUARTZ UNDER VARYING 


CONDITIONS 
At Different Heating Intervals —Table 
1 shows the percentage loss when 200 mg. 
samples of quartz are heated in 30 ml. of 
phosphoric acid at 230 to 240 C for intervals 


it Various Heating Intervals 


Particle Size, Less Than 1 uw 


Loss, 


Quartz Loss, 
Found % 


165.0 17.5 
160.2 19.9 
155.8 22.1 
152.8 23.6 


146.8 26.6 


of Different Sample Weights 


Loss, 
Found 
160.2 
80.0 


39.0 


| | 
~ 
a5 
5. 6.2 
10. 7A 
Particle Size, Less Than 1 
5.0 187.6 19.9 
5.0 20.0 
5.0 47.2 5.6 22.0 
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TABLE 3.—JDissolution of Quarts of Various 
Particle Sises 


Heating Quartz Quartz 
Interval, Taken, Particle Found, Loss, 
Min. Mg. Size, u Mg. % 
5.0 200.0 44 to 74 198.6 0.7 
5.0 200.0 20 to 44 196.0 20 
5.0 200.0 10 to 20 193.8 3.1 
5.0 200.0 5 to 10 194.4 2.8 
5.0 200.0 2to5 190.2 4.9 
5.0 200.0 1tod 187.6 6.2 
5.0 200.0 lto2 174.8 12.6 
5.0 200.0 Less than 1 160.2 19.9 


varying between 2.5 and 12.5 minutes. It is 
apparent that the dissolution of quartz 1s 
most rapid during the first few minutes of 
heating, after which it is much slower. How- 
ever, it is advisable to choose as short a 
heating interval as possible in order to mini- 
mize the amount dissolved. 

2. Effect of Weight of Sample.—Table 2 
shows the percentage loss when 200 mg., 
100.0 mg., and 50.0 mg. samples of quartz 
are heated in 30 ml. of phosphoric acid at 
230 to 240 C for five minutes. 


the percentage loss is relatively independent 


It is seen that 


of the weight of the sample taken. 


3. Effect of Particle Size. 
the percentage loss when samples of quartz 


Table 3 shows 


of varying particle sizes are heated in 30 ml. 


of phosphoric acid at 230 to 240 C for five 


minutes. 


It is seen that the percentage of 
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stances in 30 ml. of phosphoric acid at 230 to 
240 C for five minutes. In all cases, the ad- 
the 
amount of quartz dissolved, but this decrease 


dition of another substance lowered 
did not seem to vary markedly with the kind 
or quantity of material added, although the 
percentage loss was least in the presence of 
amorphous silica. .\ decrease in the dissolu- 
tion of quartz in hydrofluosilicie acid, in the 
presence of silica gel, was observed by Gold- 
man.” 

The experiment was repeated, using vary- 
ing amounts of a three-to-one kaolin-musco- 
vite mixture added to quartz of 1 to 5 and 1 
to 2u particle sizes. The results are given in 
Table 5. It is apparent that the dissolution of 
quartz is inhibited by the addition of even a 
small amount of the silicate mixture, and, as 
before, the percentage of quartz dissolved 
does not seem to vary markedly with the 
quantity of the mixture added. The decrease 
in the dissolution of quartz by the addition 
of the kaolin and muscovite is due probably 
to the amorphous silica, which is produced 
during the decomposition of these silicates, 
dissolving in the hot phosphoric acid. 

TABLE 4. 


Dissolution of Quarts in Mixtures 


Composition of Mixture 


quartz dissolved increases with decreasing Quartz 
particle size and ranges from 0.7% for the 1 to 2 Found, — Loss 
2 : R Me Substance Added, Mg. Me 
44u-74y fraction to 19.9% for the minus lp 174.8 12.6 
fraction. The rate of increase rises sharply 200.0 300.0 ealejum carbonate 178.8 10. 
4 200.0 50.0 ferrous carbonate 179.8 10.1 
when the particle size is below 2n. 200.0 80,0 disodium phosphate 179.6 10.2 
200.0 50.0 alumina 179.4 10 
EFFECT OF DIFFERENT SUBSTANCES ON THE or 
200.0 10.0 alumina 
DISSOLUTION OF OUARTZ 10.0 amorphous silica 182.8 8.6 
ri 200.0 10.0 amorphous silica 181.2 9.4 
lable 4 shows the percentage loss of 200.0 50.0 amorphous silica 183.6 8.2 
. . 200.0 ).0 silica gel 184.2 7.9 
quartz when it is heated with other sub- 
TABLE 5.—Dissolution of Quarts in the Presence of Varying Amounts of a 3:1 Kaolin- 
Muscovite Mixture 
Particle Quartz Mixture Quartz Quartz Particle Quartz Mixture Quartz Quartz 
Size of Taken, Taken, Found, Lost, Size of Taken, Taken, Found, Lost, 
Quartz, Mg. Meg. Mg. % Quartz, u Mg. Mg. Mg 
1to5 50.0 450.0 48.4 3.2 1to2 50.0 450.0 46.7 6.6 
lto5 100.0 400.0 97.2 2.8 1to2 100.0 400.0 92.8 7.2 
1to5 200.0 300.0 194.2 2.9 1to2 200.0 300.0 184.0 8.0 
lto5 300.0 200.0 289.0 3.7 lto2 300.0 200.0 275.0 8.3 
1to5 450.0 50.0 442.1 1.8 lto2 450.0 50.0 411.7 8.5 
1to5 500.0 0.0 469.0 6.2 1 to2 500.0 0.0 37.1 12.6 
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QUARTZ OF VARIOUS PARTICLI 


The effect of silicates must be considered 
when determining the correction factor to 
be used for the loss of quartz in the analysis 
of quartz-silicate mixture. To apply a cor- 
the of 
quartz, unmixed with other substances, will 


rection factor based on dissolution 
lead to error. This error is not significant 
when analyzing coarse dusts, but with fine 
dusts it becomes increasingly important with 


decreasing particle size. 


DISSOLUTION OF QUARTZ OF VARYING 
PARTICLE SIZES IN QUARTZ-SILICATI 
MIXTURES 


The 


particle sizes when heated in phosphoric acid 


percentage loss of quartz of varying 


at 230 to 240 C with the kaolin-muscovite 
Tasl_e 6.—Dissolution of Oua Diff 
Kaoltn-Mus 
Particle 
Size ot Quartz Mixture 
Quartz, u Taken, Mg. Taken, Mg 
44 to 74 200.0 00.0 
20 to 44 200.0 800.0 
10 to 20 200.0 Ti 
5to 10 200.0 200.0 
2tos5 200.0 00.0 
lto5 200.0 800.4 
1 to 2? 200.0 200.0 
Less than 1 200.0 00.0 
TasLe 7.—Correction Factor for Loss of Ouartz in 


Analyses of Quarts-Silicate 


Mixtures 


Particle Heating Heating 
Size of Interval, Interval 
Quartz, u 5 Min 15 Min 
44 to 74 1.01 1.01 
20 to 44 1.01 1.01 
10 to 20 1.01 1.01 
5to10 1,02 1.02 
2to5 1.02 1.04 
1to5 1.03 1.07 
lto2 1.09 1.14 
Less than 1 1.13 1.23 


mixture was determined. The experiments 
with both the 5- and the 15-minute heating 
intervals were done in duplicate. The aver- 
age results are given in Table 6. It is seen 
that for the five-minute heating interval the 
dissolution of finely divided quartz when 
mixed wth silicates is less than the dissolu- 


SIZES 


tion of quartz alone (Table 3). Similar re- 
sults wete obtained with the longer heating 
interval. 


CORRECTION FACTOR 


The correction factor to be applied when 
calculating the percentage of quartz in a 
quartz-silicate mixture is the ratio of the 
quartz taken to the quartz recovered. These 
calculated 
from the data in Table 6 and are given for 


ratios, shown in Table 7, were 


different particle sizes and for two heating 
With 


five-minute 


intervals. dusts less than 5, in size, 


the heating interval used, 


thereby keeping the correction factor to a 


minimum. 
In a material, the larger particles account 


for most of the weight. For this reason, the 


e Mixture 

Heating Interval, 5 Min Heating Interval, 15 Min 
Quart Quartz Quartz Quartz 

Found, Mg Lost, Found, Mg Lost, ‘ 
198.8 Of 197.6 1.2 
198.6 0.7 197.8 1.1 
196.8 197.2 1.4 
197.8 196.1 
195 199.5 38 
194.5 8 187.4 6.3 
184.0 8.0 175.¢ 12.2 
176.8 18.9 


correction factor chosen is determined by the 
size of the larger particles of quartz in the 
sample analyzed. In most cases, accurate 
particle sizing of the quartz is not necessary, 
as the correction is small except with very 
fine dusts. With materials ground to pass 
through a 200 or 325 mesh sieve, with no 
further fractionation, a correction factor of 
1.01 is used. 
DETERMINATION OF 


QUARTZ IN KNOWN 


MIXTURES 

To test the accuracy of the method, syn- 
thetic mixtures of quartz with other minerals 
were prepared. The quartz content of the 


10 to 


and the two particle sizes of quartz used 


mixtures ranged from about 


50%, 


simulated coarse and fine dusts. The mineral 
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specimens used in these experiments were 
chosen for their low quartz content, but in 
sach case the amount present was determined 
and added when calculating the total quartz 
content of the synthetic mixture. The min- 
erals selected were those most likely to be 


found in industrial and mining exposures. 


The results of the quartz determinations 
are shown in Table 8. In all cases, the fig- 
ures reported are averages of duplicate ex- 


periments. It will be seen that, with one 


exception, the absolute error was less than 


Particle 
Size of 
Quartz, u 
44 to7 
1 to 
44 to 
lto 
lto 
44 to 


Heating 
Interval, in Mix- 
Min. ture, % 
15 59.7 30 kaolin 
5 20.0 60 kaolin 
15 49.7 25 microcline 
5 20.8 40 microcline 
5 33.2 33 microcline 
15 20.8 { 32 labradorite 


Quartz 


~ 


Or 


16 hornblende 


1to5 5 21.6 2 magnetite 


44 to7 5 10.0 
ltoé 10.0 
44 to 7 5 21.5 
lto: 5 22.9 
44 to 7 5 15.2 
§ 17.0 
44to7 5 10.7 
1to5 5 11.9 


80 limestone 
80 limestone 
40 oligoclase 
| 16 chlorite 
} 50 nepheline syenite 
. 35 kaolin 
J 30 labradorite 
15 biotite 


1% ; and in most cases it was well within 
the experimental error in preparing and 


analyzing quarter gram samples. 


SUMMARY 


The phosphoric acid method for the de- 
termination of quartz in the presence of sili- 
cates has been modified to give a simple 
and rapid procedure which is applicable to 
a wide variety of siliceous materials. In the 
method outlined, quartz can be estimated in 
coarse and fine dusts with an absolute error 
of less than 1%. 


The minerals used in this investigation were 
supplied by Dr. V. B. Meen, Director of the Royal 
Ontario Museum of Geology and Mineralogy, and 
the staff of the Inspection 


ment of Mines of Ontario. 


3ranch of the Depart- 


Other Minerals in Mixture, 
Approx. % 


10 museovite 59.8 1.01 60.3 
20 museovite 19.1 1.03 19.7 
25 biotite 49.5 1.01 50.0 
40 biotite 19.8 1.03 20.4 —).4 
34 muscovite 1.09 33.4 +-0.2 
16 pyrite ) 9. 1.01 19.9 0.9 
2 olivine 3 
12! pyrrhotite 
| chalcopyrite J 
19 kaolin 2 
10 kaolin ‘ 3 0.4 
16 hornblende 2 : 
8 microcline § 2 OF 22.6 0.0 


INDUSTRIAL HEALTH 
REFERENCES 

1. Gordon, R. L.; Griffin, O. G.., Nagel- 
schmidt, G.: Quantitative Determination of Quartz 
by X-Ray Diffraction, (Sheffield) 
port 52, Safety in Mines Research Establishment, 
Ministry of Fuel and Power, H. M. Stationery 
Office, October, 1952. 

2. Dempster, P. B., and Ritchie, P. D.: Physico- 
chemical Studies on Dusts: V. Examination of 
Quartz by Differential Thermal 
Analysis and Other Physical Methods, J. Appl. 
Chem. (London) 3:182, 1953. 

3. Cumming, W. M.; Dempster, P. B., and 
Ritchie, P. D.: Physicochemical Studies on Dusts: 


and 


Research Re- 


Finely Ground 


TABLE 8.—Determination of Quarts in Synthetic Mixtures 


Quartz 
Caleu- 
lated, % 
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Error, % 
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Correction 
Factor 


Quartz 
Found, % 
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+0.8 
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17.0 1.03 17.5 
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Special Article 


PHYSICS OF PARTICLE-SIZE ANALYSIS 


HE THIRD supplement to the British 

Journal of Applied Physics contains 33 
papers, 3 surveys, and a summary presented 
at a Conference on the Physics of Particle- 
Size Analysis held at Nottingham University 
in April, 1954. Seven years earlier a con- 
ference on the same subject took place in 
London, but the recent one was on a far 
more ambitious scale and covered the funda- 
mental scientific aspects in a more compre- 
hensive manner. 

Most of the papers came from universities 
or government research establishments, with 
specialized industrial applications appearing 
in only a few. The coal industry was strongly 
represented, but the work described had im- 
plications far beyond the field in which it had 
been conceived. 

The Conference was divided into eight in- 
dependent sessions which were held consecu- 
tively. The first two dealt with the relative 
motion of particles and fluid, Session A cov- 
ering fluid mechanics and Session B molec- 
ular phenomena. The former was concerned 
with sedimentation, except for a paper by 
Kynch on the effective viscosity of suspen- 
sions of particles; inertia phenomena and 
the impingement of particles were not 
touched upon. 

\n analysis by Walton of the settlement 
of dust through air moving in laminar flow 
showed that the concentration of dust is con- 
stant at all points in a “particle flow tube” 
generated by the trajectories of particles hav- 
ing a given rate of fall. Hence, apart from 

The Physics of Particle Size Analysis (Report 
of a Conference Arranged by the [British] Institute 
of Physics and Held at the University of Notting- 
ham from April 6 to 9, 1954; published as Supple- 
ment 3 to the British Journal of Applied Physics) 
Price, 35 shillings. Pp., 218. Institute of Physics, 47 
selgrave Sq., London S. W. 1. 1954. 


diffusion and inertia, the construction of par- 
ticle flow tubes enables the concentration to 
be predicted at all points downwind as equal 
to that in the tube at its origin. Tubes start- 
ing in an extended dust cloud of uniform 
concentration, therefore, contain the cloud 
concentration, while those coming from the 
underside of solid boundaries contain no par- 
ticles. This idea is applied to the continuous 
elutriation of extended clouds and to aspira- 
tion by orifices and filters. 

\spiration into an orifice in a sampling 
head has been studied by Davies and Peetz 
by stepwise plotting of particle trajectories ; 
the conditions governing settlement of dust 
on the head and the formation of a shadow 
zone underneath, which is free from particles, 
are worked out. 

Timbrell described experiments on the 
sedimentation of glass spheres and showed 
how aggregates behave, giving detailed re- 
sults for double particles. Jarrett and Hey- 
wood compared the size analysis of a spe- 
cially prepared test dust by five different 
sedimentation methods and two others de- 
pending on light screening and electrical re- 
sistance ; they concluded by giving a series of 
subsieve 


practical recommendations for 


measurements. 
In Session B, Barrer gave two papers. 
The first dealt with steady and transient flow 
methods of determining the surface area of 
porous media. Steady state methods of meas- 
uring internal area do not take account of 
blind pores and cracks which influence tran- 
sient flow and adsorption experiments. 
Transient flow was visualized as involving 
adsorption, either following Henry’s law or 
to form a saturated, immobile monolayer ; the 
latter may carry a mobile condensed film 
which gives rise to enhanced permeability 
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due to surface diffusion. Such effects have 
to be considered in combination with normal 
viscous flow or molecular flow through the 
pores. Barrer’s second paper was concerned 
with inferences about adsorption which could 
be drawn from flow observations. 

Davidson and Turk described the flow of 
hydrogen, nitrogen, and oxygen through 
packed beds of lamp black and carbon black 
and the estimation of the surface areas of 
colloidal carbons. There is some difficulty 
in finding a flow mechanism which can satis- 
factorily interpret the experimental data. 

In the final paper of Session B, Elton and 
Hirschler claimed that the rate of sedimenta- 
tion of electrically charged particles in an 
electrolyte may be reduced by the reaction 
upon them of a potential gradient set up by 
their motion; the same cause is said to be 
responsible for a sharpening of the upper 
edge of a cloud of falling particles which 
is normally blurred unless the sizes are ex- 
tremely homogeneous. 

A session on light scattering followed, 
with a survey and two papers. Ellison dis- 
cussed theoretically the net effect produced 
by a cloud of particles of different sizes and 
concluded that the size dependent effects pro- 
duced by the small ones tend to be masked 
by light scattered from the large. Size se- 
lective sampling is of obvious value here. 
Lewis and Lothian, working with suspen- 
sions of uniformly sized barium sulfate crys- 
tals prepared by Andreasen’s method and 
with the spores of puff balls, measured the 
total scattering coefficient over a range of 
radii, r, and wave length, A. It was con- 
firmed that the coefficient could be expressed 
as a unique function of 429r (m—1)/A, 
where m was chosen to give the best coinci- 
dence between the peaks of the function de- 
termined experimentally and those of the 
theoretical curve for transparent spheres. 

Session D was concerned with shape fac- 
tors. Working with nine sieve fractions of 
ground petroleum coke, Beirne and Hutch- 
eon defined a shape constant as the ratio of 
two diameters, that of a sphere of the same 
volume as the particle to the diameter of a 
circle equal to its projected area. 
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These 
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quantities were determined as averages over 
a large number of particles with the aid of 
automatic methods. The shape constant in- 
dicated departure from sphericity but could 
not differentiate between rod-like particles 
and flakes. By measuring ratios of length 
to breadth on photomicrographs and de- 
ducing the thickness ratio from a_ relation 
given by Heywood in terms of the projected 
area and sieve aperture, it was demonstrated 
that the particles had a tendency to flakiness 
which varied over the sieve fractions. 
Robins was able to measure thickness di 
rectly with a special microscope attachment 
which he described later in Session H. He 
also measured length and breadth microscop- 
ically and used Heywood’s expressions for 
calculating the volume and surface shape 
factors for coal dust particles having mean 
projected diameters between and 
No systematic variation of shape with size 
was detected, but there was a considerable 
spread of shape from particle to particle. 
Microscope sizing is inevitably referred to 
projected diameter, while Stokes’s diameters 
are required for comparison with sedimenta- 
tion. 
Particles which are counted as_ falling 
within a certain range of projected diameter 
will cover a wider range of Stokes’s diameters 
when converted by means of the shape fac- 
tors because of the distribution of the latter. 
Robins showed how a size frequency dis- 
tribution in Stokes’s diameters can be com- 
puted from a microscopic count. Similar 
considerations apply to mass and _ surface 
area distributions which are needed in com- 
paring visual sizing with gravimetric frac- 
tions and light screening data. Everything 
depends, of course, upon there being no pre- 
ferred orientation. 
The gave different 
methods of studying the relationship between 


next papers 
apparent size and falling speed, the latter 
being governed by effective density, shape, 
and orientation, as well as by size. In the 
apparatus devised by Timbrell, the particles 
settled under gravity, while Hamilton used a 
centrifugal field; in each case calibration in 
falling speed was 


effected by artificial 


| 
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spheres, the former using glass and the latter 
dried India ink. It was shown that particles 
of coal and other dusts which had a given 
rate of fall covered a wide range of sizes. 
Timbrell expressed his results as a relation- 
ship between projected and Stokes’s diam 
eters, the latter having a greater value on 
the average, while Hamilton quoted effective 
densities which were lower than the density 
of the material of the dust in bulk. 


Session E consisted of four papers on 


visual counting and sizing. Holdsworth, 
Price, and Tomlinson described an elaborate 
comparison between the work of several lab 
oratories using a set of thermal precipitator 
slips Initial results 


showed wide differences, partly because some 


carrying coal dust. 


laboratories were counting aggregates as 
single particles, while others were attempt 
ing to split them up and so increase the 
count. It is now agreed that the former tech 
nique is appropriate to sampling in connec 
tion with coal pneumoconiosis and it is also 
simpler; care is necessary, however, to en 
sure that the density of the sample is not 
high enough to cause appreciable overlapping 
ot particles. 

Hamilton, Holdsworth, and’ Walton dis 
cussed the design of eyepiece graticules, an‘ 
Watson and Mulford described a 
bearing particle silhouettes, for training « 


test strip 
bh 


servers to count and size dust samples ac 


curately. 
The this was by 


Cartwright, who had developed a new tech 


final paper in session 
nique for examining thermal precipitator 
samples with the electron microscope. Each 
cover glass was covered with a thin film of 
Formvar, upon which the dust sample was 
deposited; the fim was then stripped, com 
plete with dust, and put in the specimen 
holder of the electron microscope. Cartwright 
also compared optical and electron micro 
scope estimates of size distribution, showing 
that there was agreement when the latter 
instrument had its resolution artificially 
graded to the same level as that of the former 
With the electron microscope operating nor 


mally, at full resolving power, it revealed 


more particles than the optical one in sizes 
below lp. 

Sessions F and G dealt, respectively, with 
the theory and practice of counting and siving 
particles automatically. \Walton gave an in 
troductory paper explaining the ideas behind 
the various possibilities, while the theory 
of track scanning was covered by Hawksley 
and that of line scanning by Phillips. 

Seven working were 


systems described 


in Session G. Those of Gucker and Rose 
for aerosols and of Cooke-Yarborough for 
red blood cells counted individual particles 
fed to the instrument in a narrow stream so 
as to pass the recorder one at a time. The 
sensitivity of the aerosol instrument was suf 
ficient for it to work when the particle diam 
eter was as small as 0.34y. 

le Bouffant and Soulé have constructed 
a track-scanning instrument which measures 
the projected area of the images of particles 
recorded on a photographic plate ; test re 
sults with various track widths are given 
Courshee also described the testing of a 
counter, in this case a line-scanning machine 
for assessing circular stains formed by drops 
from an agricultural spray. 

The power of electronics has been fully 
utilized in the particle counter designed by 
Dell. Scanning is by a spot which is regarded 
as fundamentally capable of conveying more 
information about each particle than the 
track-scanning method, since it can recon 
struct the image, as in phototelegraphy. The 
statistical analysis of line intercept lengths 
is rejected on the grounds that it is reliable 
only for circles. The system adopted is to 
arrest the spot when it just encounters a 
particle and then to generate an auxiliary 
scan for exploration. Normal scanning is 
resumed when a particle has been dealt with, 
but a line-to-line memory inhibits repetition 
of the auxiliary scan on the same particle 
The author is reticent on the subject of re- 
solving power. 

Hawksley, Blackett, Meyer, and Fitzsim- 
mons have constructed a working machine 
on more down-to-earth lines. It uses track 
scanning by oscillating the stage of a micro- 
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scope, discriminates amplitude, and measures 
the size distribution of coal particles down 
to 54 in agreement with visual recording. 
The numerical aperture was restricted to 0.2 
for the preliminary trials, and it is proposed 
to increase this and extend the resolution. 
Problems of accurate mechanical motion and 
constancy of light intensity appear to have 
been solved successfully. 

Yet another system for obtaining particle- 
size distribution electronically was described 
by Taylor, being based on the flying spot 
microscope of Roberts and Young. A double- 
line scan system is used, but the response to 
each particle is clipped on one of the lines 
so that particles below a certain size are 
missed ; by varying the delay of cut-off, the 
size accepted can be controlled ; counting re- 
quires the admission of both signals together. 

There was a good discussion on this ses- 
sion of the Conference; the use of 16 mm. 
cinefilms for recording particle fields and 
subsequent automatic counting, the recording 
of raindrops photoelectrically, the electro- 
static method of particle counting, the count- 
ing of faults in textiles, and other interest- 
ing problems were raised. Dr. Heywood 
drew an illuminating comparison between 
early star counts by naked eye astronomers, 
which gave maximum frequency at about the 
fourth magnitude, and visual microscopic 
dust analyses, which showed a peak just 
above the resolving power of the microscope. 

The final five 
dealing with a variety of subjects. 


session contained papers 
Sessey 
and Soul described the size analysis of whit- 
ing by methods varying from sieving to elec- 
tron microscopy. Robins explained his method 


of measuring thickness of particles under the 
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microscope by using Newton’s rings between 
a lens and the slide carrying the particles 
as a gauge. Harwood had two ingenious 
methods of avoiding unwanted aggregates 
when mounting specimens of dust. The first 
made use of the repulsion between particles 
due to their being similarly charged when 
immersed in an aqueous peptizing solution ; 
3rownian motion was checked by applying 
the suspension to a dry gelatin film which 
imbibed the water. The second, for magnetic 
particles, involved dispersion above the Curie 
point. 

Jordan discussed the adhesion of dust par- 
ticles to surfaces, showing how the van der 
Waals forces suffice to account for the well- 
known fact that fine dust is very difficult to 
dislodge ; some experiments with a bearing 
on impingement dust sampling were de- 
scribed. 

Dalla Valle, Orr, and Hinkle presented 
a paper on the aggregation of aerosols. Their 
work indicates that charges of a few elec- 
trons per particle have little effect on the 
rate of aggregation but may profoundly in- 
fluence the shape of the aggregates, the 
charged particles tending to form chains. 
Changes in aggregation rate owing to the 
presence of vapors were observed with mag- 
nesium oxide aerosols, and it was claimed 
that the rate of aggregation of volatile par- 
ticles could be decreased if evaporation was 
suppressed, since vapor escaping from the 
surface of particles prevented them from 
coming into contact. No figures were given 
for rates of evaporation at which this factor 
might be appreciable. 


C. N. Davies, D.Sc., London. 
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EpItrep By Dr. CHRISTOPHER H. Woop 


Physiology and Nutrition 


SPIROGRAPHY DurinG REstT IN SiLicosts: Its VALUE AND Its Limitations. P. Fousert, 
P. Napriras, and L. Batigug, Rev. méd. miniére 7:3-18, 1954. 


The value of spirometric readings in representing the functioning activity of the lungs is 
discussed at some length. Some readings are thought to be of more use than others; those finally 
considered useful are the following: (1) vital capacity, that is the air passing in and out of the 
lungs during complete rest, with the subject lying down in quiet surroundings for about 10 
minutes; (2) pulmonary capacity on effort, that is the extra amount of air taken into the lungs 
on deep breathing, and (3) maximum breathing capacity, which is the measure usually taken 
by Anglo-Saxon observers. These three measurements were taken for some 1500 miners. The 
spirometric readings took about one-half hour each, giving a total of some 15 per day. Next, 
the x-ray findings of the chests of these men were obtained and grouped according to the Cardiff- 
Douai scale. The data so gathered were then submitted to statistical investigation. 


The results are portrayed in a number of graphs from which conclusions are drawn. Pul- 
monary function shows little, if any, sign of reduction so long as the x-ray findings are those of 
early to moderate fibrosis of silicotic origin. But when these shadows indicate advanced fibrosis, 
the spirometric readings indicate how far the functional capacity is limited. Changes in spiro- 
metric readings may then be used to detect any advance in functional incapacity. 


E. L. Cot tis. 
General 


OccuPATIONAL HEALTH IN FRANCE: PRINCIPLES AND ORGANIZATION. R. BARTHE, Occup. 
Safety & Health 4:123-136 (July-Sept.) 1954. 


The author devotes so much space to expounding the principles underlying the organization 
intended to control occupational health in France that some difficulty arises in grasping the 
exact plan of the organization. The whole scheme is the outcome of action taken during the last 
10 years. First comes a Superior Council for Occupational Health. It consists of representatives 
of ministerial departments, industrial physicians, professors of occupational health, and employers’ 
and workers’ delegations. It must determine principles and lay down rules governing the activities 
of the medical inspectors of labor. Just how the work of this Council is integrated with that 
of the Ministry of Labor and of the Medical Inspectorate of Labor is not explained. 

The Labor Inspectorate is the second cornerstone of the whole organization. It is composed 
of medical advisers and experts. The chief has the rank of a departmental chief, with head- 
quarters in Paris, and there are divisional medical inspectors in each of the divisions under the 
supervision of the Labor Inspectorate. The foundation stones of the organization are the industrial 
physicians, whose duty it is to be in touch with the workers; they must be employed by all 
concerns, such as factories, which hire workmen. They must undertake preemployment examina- 
tions to ascertain the presence of any disease which might be a danger to fellow workers; 
they must determine the fitness of the worker for his work and the kind of work for which he 
is not fit. They must carry out periodic examinations of employees once a year, or as often as 
ordained. They are to examine employees on resumption of work after sickness absenteeism. 

‘ The workers must submit to all these examinations. The industrial physicians are to advise 
their employers regarding conditions of safety and health within the premises—cleanliness, heat- 
ing, lighting, washing facilities, and canteens—and also regarding dangerous dusts and vapors. 
They are to be consulted when any new production technique is being planned. The authority 
vested in the industrial physician is considerable, but how it is to be enforced is not specified. 

Concerns which employ large numbers of workers will easily be able to engage these industrial 
physicians. But since more persons are employed by smaller concerns with 50 or less employees, 
smaller plants are directed to combine into mutual undertakings to provide the needed services, 
each unit paying in proportion to the number of its employees. Works councils and welfare 
services are coordinated with this scheme, which is predominantly medical. Efforts are being 
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made to train industrial physicians, the bases of operations being chiefly the Universities of Paris 
and Lyons. The medical services are essentially preventive. This new concept of medicine is 
everywhere stressed. The whole scheme is undoubtedly ahead of anything yet adopted elsewhere. 
How its adoption is to be ensured is not made clear, but when it is in full swing, France will 
benefit greatly. So far she has been inclined only to follow where others have led the way 


E.. 
Occupational Diseases and Hazards 


LIVER DAMAGE AT AN ORDINANCE PLANT: INCIDENCE AND PREVENTION. N. B. DANIEL, 
Indust. Med. 23:409-410 (Sept.) 1954. 


Numerous cases of trinitrotoluene poisoning, many fatal, have been reported among munition 
workers. No serious cases have occurred among employees of the company of which the author 
is medical director on account of prompt medical examination. The thymol turbidity test is of 
distinct value in disclosing early symptoms. When five or more Maclagan units are found in 
examination of a worker, he is removed to a job in an inert area, placed on a high protein, 
high caloric diet, and advised to rest. The readings of such employees have returned to normal in 
three weeks, and they have returned to their usual jobs without further symptoms. 


Inpust. HycG. DiGest. 


EMOTIONAL ASPECTS OF RESPIRATORY DISORDER AMONG Coat Miners. D. W. Rose, L. H 
Miter, H. H. Leet, and F. Princt, J. A. M. A. 156:484 (Oct. 2) 1954. 


This report is based on medical and psychiatric studies of 40 patients who were coal miners 
and who were referred to the authors because of complaints of “ ‘smothering, shortness of 
breath, cough, and chest pain.” It was found that psychological factors contributed to disability 
in 87.5% of the cases and that 35% had psychiatric disabilities alone. More than half of thos: 
with psychiatric disability were classed as mixed neuroses, with depressive and anxiety features 
predominating. Anxiety about mining hazards (60.0%) and the occurrence of accidents or deaths 
among other miners (70%) headed the lists of psychodynamic features and personal events judged 
to be of etiological importance. Among childhood experiences, hard work to help support siblings 
(46.6%) and deaths in family (30.0%) were most often recorded. The authors were not told the 
basis of referral for these cases, so it was not clear whether this was a more or less random 
group of coal miners with respiratory symptoms or whether they were referred, in part or wholly, 
because it was suspected that there might be a psychological cause for their symptoms. If the 
latter, then it was clearly impossible to generalize from the series about the frequency of psy- 
chiatric causes for respiratory symptoms in coal miners. The value of such a study would be 
enhanced if it included the study of a control group of coal miners without respiratory symptoms. 
It is possible that the frequency of anxiety about accidents, hard work during childhood, and 


1 


deaths in the family might not be significantly different in the general run of coal miners. 
Joun PEMBERTON, Boston. 


ENVIRONMENTAL FACTORS OF OCCUPATIONAL ORIGIN RELATED TO 


MacponaLp, J. A. M. A. 157:5-7 (Jan. 1) 1955. 


CARCINOGENESIS. IAN 


Carcinogenic substances incidental to industrial procedures represent a hazard both to those 
occupationally exposed and to the population in general. The potential carcinogenic materials may 
be classified on the basis of their nature, their environmental site, and the target tissues respond- 
ing to them. Their natural state may be chemical, physical, or biological. Their environmental 
site may be in the atmosphere, in the soil, or in the water. The tissues responding to them may 
be at the site of initial contact or in organs or organ systems concerned with their metabolic 
and eliminative processes. The control of these environmental factors seems entirely practical 
on the basis of current industrial hygiene and toxicologic practices. An awareness on the part 
of industrial physicians is the necessary starting point for the protection of those environmentally 


I FROM THE AUTHOR'S SUMMARY. 


3ERYLLIUM: MEDICAL AND ENGINEERING ContrRoL. M. CHAIN Roppins, Report AECU- 
2947, Los Alamos Scientific Laboratory, 1954. 


Proper engineering techniques which are necessary to achieve environmental control of Be are 
discussed. Results from investigations into the physiochemical properties of Be compounds are 
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reviewed. It is concluded that there is no substitute for close cooperation between the industrial 


hygiene and medical groups in the protection of personnel handling Be and its compounds. 


NUCLEAR Sc. ABst. 


PULMONARY FiBRostIs IN Sort Coat MINERS ANNOTATED BIBLIOGRAPHY ON THE ENTITY 
RECENTLY DeEscrRIBED AS Sort Coat H. N. DoyLe and T. H. 
NOEHREN, Public Health Bibliography Series 11, Public Health Service Publication 352, 
U. S. Department of Health, Education, and Welfare, Public Health Service, 1954. 


PROBLEM DRINKING AND INDUSTRY: PoLiciEs AND Procepures. S. C. Franco, Quart. J 
Stud. Alcohol 15:453 (Sept.) 1954 


Franco describes the procedure adapted by the Consolidated Edison Company of New 
York with regard to alcoholism. The aim of the procedure was threefold: (1) early recognition 
of the employee with a drinking problem; ( reliabilitation of the employee where warranted, 
and (3) establishment of a consistent basis for termination of employment when rehabilitation is 
fruitless. 

In industry “chronic alcoholism” and “problem drinking” are looked upon as the same condi- 
tion, since in both conditions repeated or continued overindulgence interferes with the efficient 
nerformance of a person’s work assignment 


The foreman and the supervisor are in the best position to recognize the early signs of uncon 
trolled use of alcohol among men working under them. Of course, the supervisor and the fore 
man should receive instruction to enable them to understand the objectives of the Company 
procedure and to assist them in recognizing th f problem drinking; they should 
be acquainted with the “hidden man 

The following signs are regarded as indicative of the early phase of a drinking blem and 
are often characteristic cf the “hidden man.” 1. Consistent tardiness or absence on Monday 
morning and frequent occurrences of leaving early on Friday afternoon. 2. Unexplained dis 
appearance from an assigned post during a tour of y. 3. Recurring excuses for absence du 
to minor illnesses, such as “colds,” bronchitis, stomach upsets, or too frequent off-duty accidents, 
particularly with assault as a factor. 4. Personality change in a previously good worker, 
arguments or criticism of others, recurring mistakes for which he defends himself, min 
accidents which he blames on cthers or on equipment, marked variation in mood, and disinterest 
in his work. 

The Medical Department has th ponsibility of determining whether the employee is, in 
fact, an alcoholic and of estimating the extent of the drinking problem. This examination is car 
ried out by an internist who has special experience with alcoholism. A complex condition lik 
alcoholism does not allow simple categorical classification. The basis of the diagnosis of alco 
holism or problem drinking is the loss of control over the drinking occasion or over the amount 


{ drinking. Recurrent absenteeism due to overindulgence or an extended “bender” is a definite 


sign of loss of control. If the Medical Department confirms that the employee has a drinking 


problem, he is offered the opportunity for rehabilitation through Company facilities; he may 


choose to try Alcoholics Anonymous or place himself under the care of a physici: f his own 
choice. 

Follow-up experience to March 1, 1954, on the original group who were treated under the 
first phase of the alcoholism procedure in the four years from January, 1948, to December, 1951, 
can be summarized as follows. There were 155 patients in the group, of whom 11 were subs¢ 
quently referred to the Consultation Clinic. For the balance of this group the “recovery rate” 
has been 69 out of 144 cases, or 48%. The majority of these cases have been followed more than 
five years. It was also learned that a few of the employees who left the Company rehabilitated 
themselves later through other agencies, particularly A. A., and are now gainfully employed. 

It has been the policy with respect to the Consultation Clinic that the patient be referred 
only through the Medical Department and, of course, always with his consent. In the past two 
years 105 alcoholics have been referred to the Consultation Clinic at the University Hospital. 
Initially, the results appear deceptively good. There were nearly 80% “improved” in 1952 and 
1953: but when the period of observation is extended beyond a year, a more accurate picture is 
obtained. Of the 59 cases who have completed more than a year of follow-up, 37 (63%) appear 
to have their problem under control. This trend is very encouraging, because the greatest per 


centage of losses appears to occur in the first year of treatment. 
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It is felt that industry, through such a plan, can make a determined effort to help the problem 
drinker overcome his handicap and, where successful, not only receive in return the savings 
which increased efficiency and decreased absenteeism bring but also salvage the skills and 
experience of an employee acquired through years of service. 


TuMouRS OF THE URINARY BLADDER IN DoGs AFTER INGESTION OF 4-AMINODIPHENYL. 


A. L. Wacpote, M. H. C. Witttams, and D. C. Roserts, Brit. J. Indust. Med. 11:105-109 
(April) 1954. 


Hoffman in 1862 discovered 4-aminodiphenyl in the residues of aniline manufacture, and in 
recent years it has come into use in the organic chemical industry in England. As it seemed to 
the authors in 1950 that this amine might have been partly responsible for “aniline cancers” of 
the bladder among dyestuff workers, they started an investigation into its carcinogenic poten- 
tialities in rats and dogs. They found that in rats tumors of the liver, intestine, and mammary 
glands appeared after repeated subcutaneous injections of 4-aminodiphenyl in peanut (Arachis) oil. 


The present paper describes feeding experiments on dogs. Two male beagle litter mates, 
aged 7 months, received 4-aminodiphenyl on a weight basis in capsules by mouth once daily 
six days a week, with an ordinary diet. Both animals gained weight during the experiment. The 
cumulative total doses were 30.26 and 33.56 gm., respectively. Eighteen months after the 
beginning of the experiment one dog was noticed to have hematuria, which persisted for a month 
and recurred at intervals, but both dogs remained healthy, ate well, and maintained their weight. 
In September, 1953, two years and nine months from the start of the experiment, both dogs 
became unconscious, after developing uremic fits, and were killed. Postmortem examination 
showed that their bladders were almost filled by closely packed, multiple, epithelial tumors, most 
profuse in the dome of the bladder, sparse in the lower one-third. Microscopically the tumors 
showed a graded series of changes, from simple hyperplasia of the bladder epithelium to infil- 
trating carcinoma. Larger growths were found, either transitional celled or anaplastic, with much 
pleomorphism. Tubule formation was also seen, and in one of the bladders there was deep 
infiltration of the musculature. There were no important pathological changes in the other organs. 

In the same pack of beagles there were 30 animals, ranging from 3 to 9 years of age, none 
of which had ever had hematuria; among 6 dogs which died and were examined post mortem, 
no bladder tumors were found. Compared with recorded observations on the production of 
bladder tumors by various substances, it appears that 4-aminodiphenyl is as active a carcinogen 
in dogs as 8-naphthylamine and is more potent than benzidine or 2-acetylaminofluorene. The 
authors conclude that this substance should not be manufactured or handled in the chemical 
industry without the most strigent precautions to avoid skin contact or the inhalation of vapor 


or dust. W. L. Harnett [Butt. Hye.]. 


PitcH AND PuLtmonary Carcinoma. I. L. Patcn, Brit. J. Tuberc. 48:145-150 (April) 1954. 


Although epithelioma resulting from occupational exposure to pitch, tar, and related com- 
pounds is a commonplace, information concerning the effect of these substances on the lung in 
man is scanty. 

The case report is given of a man, aged 41, who had worked almost uninterruptedly for 
27 years in the plastics industry, mixing asbestos, slate powder, and pitch or bitumen in heated 
drums. In these processes the workers were affected by pitch warts, and some, including the 
patient, developed a mottled telangiectatic erythema of forearms and neck. In 1949 (after 24 
years’ exposure) a small nodule, shown on biopsy to be a squamous-cell carcinoma, appeared on 
the back of the patient’s neck; at the same time an ulcer, which also proved to be a squamous-cell 
carcinoma, developed on his forearm. Both were treated by radium needles without recurrence. 
The patient had had a productive cough for 15 years, and six montizs before admission the first 
hemoptysis occurred, to be repeated at intervals of one or two weeks. A chest x-ray showed a 
circumscribed opacity at the left hilus. Bronchoscopy showed a tumor in the branch of the left 
bronchus leading to the lower lobe, which on biopsy was found to be a squamous-cell carcinoma. 
A left lower lobectomy was performed, and a squamous-cell carcinoma of the bronchus infiltrating 
into the parenchyma was found. 

Kennaway and Kennaway, in a survey of the occupations of 38,418 patients dying of carcinoma 
of the bronchus, found that workers in coal tar and gas suffered an increased incidence two 
and one-half times that expected, but the error was high in numerically small trades. Doll found 
that in gas workers the incidence of pulmonary carcinoma was twice the usual. From Japan 
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numerous cases of pulmonary carcinoma among steel and gas workers have been reported, and 
isolated cases have been reported from Germany. After reviewing the published experimental 
work, the author concludes that the evidence available indicates that pitch and related substances 
are effective causes of pulmonary carcinoma in animals. In man there have been few cases 
reported, and the evidence is inconclusive. In the Kennaways’ survey of fatal pulmonary car- 
cinoma, no case was related to foregoing asbestosis, but this condition now stands in well- 
recognized relationship to carcinoma. It seems probable that the relationship of pitch is analogous 
and that the possibility is overlooked even in men under constant and heavy exposure, because 
this complication is infrequent, the latent period is long (average 16 years), and the persons 
exposed are few. Periodic chest x-rays are advisable for workers in these industries. 


W. L. Harnett [Butt. Hye.]. 


TUBERCULOSIS AND COALWORKERS’ PNEUMOcONIOsIS. A. L. COCHRANE, Brit. J. 
48:274 (Oct.) 1954. 


Tuberc. 


Evidence produced by Cochrane’s study in the Little Rhondda Valley mining community 
in Wales, Great Britain, confirmed the suggestion made by other workers that increasing 
pneumoconiosis category appears to be associated with a decreased case fatality rate and an 
increased attack rate of tuberculosis with progressive massive fibrosis. 

On the hypothesis that the rate of appearance of simple pneumoconiosis in coal miners depends 
simply on the concentration of dust to which they are exposed and the time of exposure, miners 
exposed to relatively low dust concentrations will tend to develop simple pneumoconiosis to the 
extent of Category 1. This will greatly reduce the case mortality of tuberculosis without causing 
any pronounced rise in the attack rate. Exposure to higher dust concentrations for the same 
time, or the same dust concentrations for a longer time, will lead to the development of 
Category 2, and subsequently Category 3, simple pneumoconiosis. This will lead to a pronounced 
increase in attack rate, and as a result the mortality rate of the group as a whole will begin to 
rise again. Thus a little dust exposure gives the beneficial effect of the change in case mortality 
without the added risk of the rise in the attack rate. 

To explain the mechanics of these suggested actions of coal dust, the concept is proposed 
that the decreased case mortality rate is caused by a purely physical effect of the coal dust, i. e., 
that of producing fibrotic lesions, while it seems possible that the increased attack rate found 


to be associated with Categories 2 and 3 simple pneumoconiosis might be caused by the quantity 
of free silica in the lungs, i. e. 


, by the chemical properties of the coal dust which is not a pure 
substance and contains usually about 1 to 2% of free silica. 


All miners and exminers in the Little Rhondda Valley with chest roentgenograms showing 
simple pneumoconiosis, Categories 2 or 3, with and without early progressive massive fibrosis 
were grouped according to the years they had spent exposed to coal dust on the coal-getting 
shift at the coal face and to stone dust; it was assumed that the stone dust will have a higher 
content of free silica than the coal dust. Results, however, did not reveal a higher percentage of 
stone work in the industrial histories of those miners with early progressive massive fibrosis 
compared with those without progressive massive fibrosis. 

Although definite conclusions could not yet be reached, the simple hypothesis is suggested 
that a little coal dust retained in the lungs has a definite therapeutic effect, whereas large accumu- 
lations increase the attack and mortality rates from tuberculosis. 


DANGER OF ACCIDENTAL CARBON MONOXIDE POISONING: REVIEW OF 100 CASEs. 
Simpson, Brit. M. J. 2:774-776 (Oct. 2) 1954. 


KEITH 


The mortality from accidental poisoning by domestic coal gas in England and Wales is 
in the following table: 


shown 


Registrar-General’s Figures on Deaths from CO Potsoning 


1948 
Males ; 7 166 
195 


Total 361 


1949 1950 1951 
195 158 215 
296 248 300 
421 406 515 
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An analysis of 100 successive accidental deaths from carbon monoxide poisoning is given. 


Common dangers of domestic illuminating and heating apparatus, especially to the elderly and 
the infirm, ill or drunk, are outlined. 

The ease with which the general practitioner or the pathologist may overlook CO poisoning 
when the circumstances are not obvious or when some adjuvant factor is operating indicates 
the need for vigilance. Low-saturation CO deaths are not uncommonly mistaken for natural 
death. 

The very urgent need for tackling the problem of accidental domestic coal-gas deaths, instead 
of accepting them as a misfortune, is made clear by the large proportion of preventable deaths. 


FROM THE AUTHOR'S SUMMARY. 


Industrial Toxicology 


COLORIMETRIC DETERMINATION OF NITROGEN IN BIOLOGICAL MATERIALS. JOHN R. PoLLey, 
Analyt. Chem, 26:1523-1524 (Sept.) 1954. 


The Kjeldahl method for the determination of nitrogen has been undergoing constant investi- 
gation and revision to increase the accuracy of protein nitrogen determinations and to extend 
the method to other forms of nitrogen. The present investigation was undertaken to develop a 
method of nitrgen determination which would be applicable to problems on tissue protein 
fractionation involving numerous determinations per day. Most methods require some prior 
knowledge of approximate nitrogen content, and the size of sample used is selected so that the 
final ammonia value will be within a given range of titration or color intensity. In the proposed 
problem it was expected that the range of nitrogen content in various samples would be large and 
unknown for each sample. The digestion mixture selected for maximal conversion of nitrogen to 
ammonium sulfate was similar to that of Miller and Houghton except that the mercury was added 
in the form of mercuric sulfate solution. This digestion mixture, however, does not lend itself 
directly to Nesslerization, because the mercury present causes precipitation with the Nesslet 
reagent. Recently, Hiller and associates in their titrimetric procedures used zinc to amalgamate 
with the mercury. Hence, it was proposed to digest the samples with the selected digestion 
mixture, then to add zinc dust to remove free mercury, thereby making possible a colorimetric 


assay of the nitrogen content. 


FroM THE AUTHOR'S SUMMARY. 


REDUCING CARCINOGENICITY OF HiGH BoILInNG PETROLEUM Propucts. L. T. Esy, JoHN 
REHNER Jr., MARVIN KuscHNER, and WitttaAm E. Smiru, Indust. & Engin. Chem. 
46 : 2209-2213 (Oct.) 1954. 


Certain high boiling petroleum products derived from catalytic cracking are carcinogenic in 
animal tests. 

Recently, methods for the safe disposal of such products have been described, including 
recycle catalytic cracking, thermal cracking, and blending. The present paper describes the 
exploration of several alternative methods for reducing the carcinogenic potency of such products, 
e.g., air oxidation, ozonization, hydrogenation, alkylation, and selective adsorption. Pertinent 
experimental details are given, and the advantages and disadvantges are indicated in relation to 


their intended use. FrRoM THE AUTHORS’ SUMMARY. 


REPORT ON BENZENE HEXACHLORIDE IN Foops: DETERMINATION OF TotTaAL BHC aAnpb 
GammMa-Isomer. A. Kk. Ktern, J. A. Off. Ag. Chemists 36:589-594, 1953. 


Four analytical methods, each based on a different chemical principle, are discussed. The 
Schechter-Hornstein procedure is based on conversion of benzene hexachloride (BHC) to 
benzene, then nitration to dinitrobenzenes. The m-dinitrobenzene forms an intense magenta- 
colored solution with 2-butanone and strong alkali. None of these methods are specific for the 
various isomers of benzene hexachloride. Accumulation of the beta-isomer in animals and plants 
indicates a need for measurement of this isomer. Experimental evidence shows that under con- 
trolled alkaline hydrolysis the beta-isomer is relatively inert compared with the other isomers 
and can be used for the estimation of the beta-isomer. Peanuts grown in soil with various levels 
of application of benzene hexachloride were analyzed for absorption of beta-isomers. The beta- 


isomer tends to persist in the soil and to become absorbed by the peanut. Cuem. Apst. 
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PROPERTIES AND ESSENTIAL INFORMATION FOR SAFE HANDLING AND Us! 
Chemical Safety Data Sheet SD-55, Manufacturing Chemists’ 
D. C., adopted, 1953; revised, 1954 


OF BUTADIENE 
\ssociation, Inc., Washington, 


Brought up-to-date and revised on be f additional information which has become 


available since it was originally adopted in 1953, this bulletin gives the important physical and 
chemical properties of butadiene, as well as a review of its hazardous properties, including health, 
fire, explosion, and polymerization hazards. Recommendations are given for safe storage, shipping, 
and handling procedures, together with suggestions f ersonal protective equipment, employee 
education and training, and medical treatment 
Butadiene is a colorless, mildly aromatic as dense 
crdinary conditions. A liquid below —4.7 C., it ha f 2 to 11.5 vol. %, and it car 
form explosive peroxides. At its lower explosive limit, 20,000 it has a mildly narcotic action; 


inhalation of excessive amounts of vapor causes progressive anesthesia, death having been know1 


to occur from inhalation of a 25% vol. concentration for 25 minutes. Skin 


contact must be 
avoided, because the liquid causes frostbite through evaporation 


The health hazard is ordinarily 
due to conditions where leaks, spills, and possib! uipment breaks occur 


M. Bart, 


ExposurE To HyproGen CYANID 


KERNELS. BERNARD 
GRABOIs, Month. Rev. New at pat f 333-3 ) 1954 


\ survey of five plants engaged in tl pastes revealed exposures 


to hydrogen cyanide gas at practically al he blanching of the 
kernels. The maximum allowable concentration 1 r million parts 
of air was exceeded, however, in only one plant w th comminuting an King Operations 
released excessive concentrations of this ¢ tl vorkt 1 atmosphere. Recommendations 
were made, where required, for adequately « cyanide hazard by means 
more effective exhaust ventilation 


\ field testing method for the estimation of hydrogen cyanide in the atmosph 

described \UTHOR’s SUMMARY. 

INFLUENCE OF PH ON TOXICITY OF VANADIUM IN Mit 
Biol. & Med. 84:404-405 ( Nov.) 1953 


Sodium metavanadate soluti 


CHELL, Proc. Soc. Exper 


itoneally into male mice 
of the Webster strain. By injecting ammonium chloride intraperitoneally 15 minutes before th 
vanadium and also by lowering the pH of the sodium metavanadate, it was possible to show 
that fewer mice died under conditions of increased acidity. Increased | 


detoxication. 


bicarbonate retarded 


The experiment followed from the observations of the author and others that ascorbic aci 
protects against vanadium toxicity, that anionic vanadium is more toxic than cationic vanadium 
that ammonium chloride increases urinary excretion of lead and bismuth, and that detoxication is 


promoted when a weakly acidic substance is converted into a relatively strong acid. 
Hye 


INFLUENCE OF X-IRRADIATION ON OXYGEN POISONING IN Mice. REBECA GERSHMAN, D. | 
GILBERT, S. W. Nye, and W. O. FENN, Proc. Soc. Exper. Biol. & Med. 86:27-29 (May) 
1954. 


The survival time of mice in six atmospheres of oxygen was about 40 minutes. The average 


survival times were prolonged 12, 22, 34, and 146 minutes, respectively, when the mice were 
irradiated (8,800 r) 30, 48, 72, and 84 hours previously. Anorexia may have contributed to the 
observed protection. Inpust. Hyc. DIcEsT. 

OxyGEN PoIsONING AND X-IRRADIATION: MECHANISM IN COMMON. REBECA GERSHMAN, 

D. L. Gr-pert, S. W. Nye, P. Dwyer, and W. O. FENN, Science 119:623-625 (May 7) 

1954. 

Physiological mechanisms common to both oxygen and x-radiation injuries are discussed 
From the experiments reported and the considerations presented, it is concluded that both 
ifradiation and oxygen poisoning produce some of their lethal effects through at least one com- 
mon mechanism, possibly that of the formation of oxidizing free radicals. 


INpust. HyaG. DIGEstT. 
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REVIEW OF LITERATURE ON HEALTH HAZARDS OF FLUORINE AND Its COMPOUNDS IN THE 
MINING AND ALLIED INDustTRIEs. S. J. DAVENPORT and G. G. Morais, Information 
Circular 7687, U. S. Department of the Interior, Bureau of Mines, June, 1954. 


The industries in which fluorine and its compounds are used are listed, and the hazards in the 
industries using fluorine compounds most extensively are discussed. The physical and toxic 
properties of about 70 fluorine compounds, organic and inorganic, are tabulated. The effects of 
fluorine compounds on plants, animals, and man are reviewed. Hydrogen fluoride is discussed with 
reference to toxicity, permissible limits in air, first-aid treatment, and prevention and control of 
poisoning. Finally fluoridation of water is discussed. The bibliography which is the basis of the 


review contains 101 references. 
Inpust. DIGEstT. 


OxyGEN CONSUMPTION OF THE BLoop IN EXPERIMENTAL LEAD Porsoninc. A. G. BAIKIE 
and D. J. Vattis, Brit. J. Exper. Path. 35:434-438 (Oct.) 1954. 


The primary hematological effect of lead poisoning is on hemoglobinating normoblasts in the 
bone marrow. These cells and nonnucleated erythrocytes showed cytoplasmic stippling before stip- 
pled cells were found in the blood stream. Nucleated red cells and young nonnucleated cells have 
a higher oxygen consumption than mature red cells, and the same is true of these stippled cells. 
This characteristic suggests that stippled cells are young red cells. Oxygen consumption was 
measured from two samples of blood, one being taken from guinea pigs poisoned by a solution of 
lead nitrate and the other from guinea pigs in which reticulocytosis was produced by repeated 
bleeding or the administration of anti-guinea-pig red cell serum. These samples were defibrinated 
and oxygenated by shaking for 15 minutes in a flask containing glass beads. The oxygen con- 
sumption of the two samples was found to be directly proportional to the percentage of reticulo- 
cytes, irrespective of whether these occurred in lead poisoning or during active regeneration after 
bleeding or hemolytic anemia. The correlation between oxygen consumption and reticulocyte 
or stippled cell count was fairly consistently observed. The conclusion is that stippled cells are 
immature red cells. Any damage by lead does not seem to interfere with what is certainly an 


intracellular oxidative process productive of energy. 


ApvLastTic ANAEMIA DUE TO TRINITROTOLUENE INTOXICATION. M. A. D. CrAwForp, Brit. 
M. J. 2:430-437 (Aug. 21) 1954. 


During the last war 27 cases, with 15 deaths, occurred in Great Britain from aplastic anemia 
due to poisoning by trinitrotoluene. These cases are the material of the present study. No 
reason appeared why these few persons, out of many thousands exposed to TNT, should have 
suffered from aplastic anemia. Throughout, particular attention is directed to the effect of TNT 
upon the blood and the bone marrow. TNT can gain access to the body through the skin, by 
inhalation, or by ingestion. Lack of cleanliness at work is an important factor. The oxygen- 
carrying property of the blood is lessened by deprivation in the formation of hemoglobin. At 
first the bone marrow reacts by increasing its normal action to replace erythrocytes. A decrease 
in hemoglobin of more than 10% is a danger signal. Later the marrow fails and becomes hypo- 
cellular. Then follows a profound normocytic anemia, with agranulocytosis and a low platelet 
count. In these cases the white cells varied greatly from counts as low as 300 to 4,800 per 
cubic millimeter. Toxic aplastic anemia has a most insidious onset and may become well 
established before being recognized; pallor is the most certain indication that blood examination 
is needed. 

The case histories of eight patients are given. Removal from exposure is the first essential in 
treatment. Blood transfusions were found useful but were not always successful. Once the 
anemic state was established it was not reversible but advanced to a fatal end. (No mention is 
made of deaths from acute yellow atrophy of the liver, which were far more numerous in 1914- 


1918 than was aplastic anemia.) E L. Cous 


Tin AS A Potson. ANNOTATION, Brit. M. J. 2:693-694 (Sept. 18) 1954. 


Few animal or other experiments have been done to determine the toxicity of tin. Tin is 
present in most tinned food in concentrations of 20 to 50 ppm. “The permitted limits for tin 
in food appear to be determined by the maximum likely to be found and bear no apparent 
relation to any amount that might be thought toxic.” 
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Simple tin salts have been used in the treatment of furunculosis without untoward results or 
very definite gain. 

Recently an organic tin compound (diethyl tin diiodide combined with linoleic acid, a “vitamin 
F”’) was put on sale and apparently widely prescribed in France. “So far it is believed that over 
60 people have died before the cause of their fatal illness was traced to this new therapeutic 
preparation.” The fatal cases are said to have suffered from encephalopathy. 


ELIMINATION OF LEAD IN Sweat. D. O. Surets, Australasian Ann. Med. $3:225 (Aug.) 1954. 


The author undertook this work for the following reasons: (1) former work was done at a 
time when analytical methods were not as sensitive as they are at present and (2) the volume of 
fluid eliminated by the skin in conditions of moderate temperature may equal that of the urine 
and in hot conditions may exceed it. Earlier investigators generally agreed that insignificant 
amounts of lead were to be found in sweat. 

Sweat was collected by attaching a piece of cotton wool approximately 6 by 8 cm. to the 
chest wall in the axilla. The cotton wool was covered with a thin sheet of plastic to prevent any 
contamination of the material by contact with adhesive tape. Several patients under treatment 
for lead poisoning were so tested, and appreciable amounts of lead were collected in the pads 
over several days’ time. 

Another experiment was done by the author on himself, in which he took 5 or 10 mg. of lead 
per day and collected sweat by the method described. Larger amounts of lead were found on the 
pad concomitant with the ingestion of larger amounts of lead. 

The amount of sweat collected on the axillary pad was determined by experiment and calcu- 
lation to be about one one hundred thirtieth of the total sweat produced by the body. The 
amount of lead collected on the axillary pad varied from one-seventh to one-tenth of that excreted 
in the same time in the urine. From these facts the author concludes that the amount of lead 
eliminated through the skin may be of the same order as, or may even exceed, the amount 


eliminated in the urine. : : 
SHERMAN S. Pinto, Denver. 


STUDIES IN CARBON TETRACHLORIDE Potsoninc. E. Epen, D. D. Harrison, and A. W. 
LINNANE, Australian J. Exper. Biol. & M. Sc. 32:333-339 (June) 1954. 


The specificity and sensitivity of the diacetyl and Sakaguchi reactions were reinvestigated. 
These reactions were applied to paper chromatography. The effect of pH and other conditions 
on the Rf value of creatine, arginine, glycocyamine, and methylguanidine were studied. 

Glycocyamine and traces of protein, arginine, and methylguanidine were identified in the 
urine of rats. The presence of these compounds together with creatine was also observed in tissue 
extracts. 

A satisfactory method with the use of paper chromatography for separating creatine from 


interfering compounds was also developed. a, 


ATYPICAL NEUROLOGICAL SYNDROME DUE TO PoIsONING BY BotH LEAD AND ARSENIC. 
L. Rocne and F. Laron, Arch. mal. profess. 15:366-370, 1954. 


Three cases of which the histories are given at length are the basis of this article. Two of the 
men were plumbers, and the third was employed in lead founding. Lead seldom occurs in nature 
without at least traces of arsenic as an impurity. Arsenic was detected in the hair of these men, 
and lead in their urine and blood. An element common to all three was polyneuritis associated 
with serious and rapid muscular atrophy; Babinski’s sign and sphincter troubles were present. 
Both upper and lower limbs were affected, with a tendency for the paralysis to clear away and 
then return. Certain lead solders contain from 1 to 2% arsenic; 25 mg. per kilogram was found 
in the hair. The symptoms of plumbism varied but included colic, diarrhea rather than constipa- 
tion, anemia, and loss of weight. Blood changes with stippled red cells were found. 

Neurological manifestations atypical of lead poisoning have often been reported without any 
thought of the presence of arsenic being the causative factor. The coexistence of lead and 
arsenic in any case seems to give rise to an atypical neurological syndrome in which both metals 


play their part. Treatment should be directed to the elimination of both. 2. eee 
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DANGERS FROM SELTZER WATER AND PLUMBISM CONVEYED BY WATER. L. TRUFFERT and 
V. Jans, Arch. mal. profess. 15:385-387, 1954. 


Drinking water in France is not allowed to contain more than 0.05 mg. of lead per liter; 
until recently 0.1 mg. was permitted. Seltzer water, on account of its carbonic acid content, is 
capable of taking up lead if brought in contact with it. The metal heads of siphons may contain 
as much as 10% of lead. The lead content of a number of samples of Seltzer water from 
different areas with hard and soft waters was estimated, and the results are given. It exceeded 
the permissible limit for potable water in a number of instances. The recommendation is made 
that the heads of siphons should no ionger be made of metal or, at least, not of metal containing 
any toxic constituent. Though no case of lead poisoning has been reported in France from 
Seltzer water, cases have been reported in Spain, associated with taking Seltzer water mixed 
with alcoholic drinks. 
BENZENE Hazarp IN Factories MAKING Perrot. P. PouLatn and Tuomas, Arch. mal. 

profess. 15:408-411, 1954. 


The state of health of men employed in an old factory where crude oil was rectified in th 
making of petrol (gasoline) is compared with their state after the factory had been reconstructed. 
Under the old conditions 14 men, employed from 2 to 25 years, had complained of fatigue, 


anorexia, and insomnia, and their blood exhibited mild signs of benzolism—prolonged coagula 


tion time, increased number of white cells, and decreased red cells. Considerable improvement 


followed the administration of ascorbic acid. New workers during the first three months before 
they became used to the work spoke of vertigo, fatigue, and insomnia, while both red and white 
cells showed some increase. Exposure to fumes occurred from leaks in the apparatus and lack of 
adequate ventilation. The various processes were not sufficiently isolated and were not conducted 
in the open air 

When the plant had been reconstructed, the men no longer complained of headaches and 
fatigue, and the blood pictures reverted to normal with shortening of the coagulation period. The 
conclusions drawn are that mild benzolism was affecting the men in the old works and that th 
processes can be carried on with complete freedom from exposure to the benzene hazard 
\dvantage arises from giving the men as routine ascorbic acid and magnesium hyposulfite. They 
should be under medical supervision and have frequent blood examinations 


CoLtis 


OcCUPATIONAL POISONING FROM ACETONE: CLINICAL DISTURBANCES, INVESTIGATIONS IN 
WoORKROOMS AND PHYSIOLOGICAL RESEARCHES. L. PARMEGGIANI and C. Sassi, Med. 
lavoro 45:431-465 (Aug.-Sept.) 1954. 


In the first part of the paper, the results of investigations carried out in three plants where 
acetone was employed are given: in the first plant, the acetone was used as a solvent for poly- 
vinyl chloride yarns; in the second, as a lacquering for bottles, and in the third, in the prepara 
tion of the colloid and in the acetate rayon prespinning; atmospheric concentrations varied 
from 0.029 to 0.205 mg/l. in the first plant, from 0.200 to 0.350 mg/l. in the second, and from 
0.060 to 2.180 mg/l. in the third, viz., from 1/40 up to a value equal to that at present allowed as 
the maximum tolerable concentration (1000 ppm). The clinical and laboratory investigations 
carried out on operatives at work have shown the great incidence of chronic disturbances caused 
by acetone concentrations lower than the maximum allowable; these included chronic conjunctiv- 
itis and pharyngitis which were generally well endured by patients, catarrhal bronchitis, and 
gastritis and gastroduodenitis which were responsible for the subjective disturbances of which the 
patients complained oftener. The syndrome of the acute occupational intoxication, which occurred 
among five workers of the acetate rayon industry, is described as simple narcosis, with irritation 
of the mucosa. 

In the second part, the physiological investigations carried out during work and on subjects 
in the laboratory are reported; these were conducted in order to study the elimination, the 
absorption, and the behavior of acetone in the body under conditions comparable to those of an 
occupational exposure. Above all, it was shown that acetone is eliminated through the skin in 
quantities which may reach one-fourth of the amount eliminated with the expired air. Acetone 
is also eliminated with the saliva. It was furthermore determined in the duodenal succus in con- 
centrations of over 100 mg/l. within the first two hours after the intravenous injection of 4 cc. 
of acetone. Researches on the feces were also carried out, without, however, attaining significant 
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results for the intervention of the phenomena of fermentation. By means of a suitable experi 
mental equipment a remarkable absorption through the sound skin has been evidenced 


In the third part of the study, the deductions concerning industrial medicine are reported. 
It is suggested that there be a return to the value of 500 ppm as maximum tolerable concentra- 
tion. For the assessment of the occupational hazard owing to the facility of absorption through 


the skin, more reliable results are obtained from the determination of the acetonemia, of the 


expired air concentration, or of the urine concentration in cubic centimeters per minute than 


from the atmospheric acetone concentration. These measures are to be carried out, accounting 


for the room temperature and the length of actual exposure. The criteria of fitness to work are 
established. The study of the basic-acid balance in workers exposed to acetone is recommended. 
The differences between occupational acute poisoning and casual poisoning because of the use of 
plastic material bandages are discussed. Furthermore, very suitable suggestions are offered for 
the prevention and treatment of acetone poisoning : re 
FROM THE AUTHORS’ SUMMARY 

[In the reviewer’s opinion, these statements do not accord with American experience in the large 
scale use of acetone, especially in the cellulose acetate rayon industry. . 

F Puitte DRINKER 


Case OF SEVERE OCCUPATIONAL POISONING FROM PARATHION WITH NEPHROSIC SYNDROME. 


M. Barsetti, C. Sassi, and P. Det Bone, Med. lavoro 45:469-473 (Aug.-Sept.) 1954. 


This is the report of the case of a worker who, after having worked for about one week in 
a department for the production of parathion, 


complained of vomiting, sensory obnubilation, 


muscular hypotonia, severe dyspnea, and cyanosis. A severe picture of pulmonary edema, pin 


head pupillary miosis, incontinence of feces and urine, myoclonic contractions, salivation, and 


intense sweating was seen a few hours after onset of the disturbances. After the patient had been 


subjected to a cardiotonic therapy, to bloodletting, and to inhalation of oxygen, the pulmonary 


edema disappeared after 24 hours, while a severe nephrosic picture was manifested by oliguria, 


albuminuria, hematuria, cylindruria, and hyperazotemia (2.4 gm. per 1000 ml.). The serum 


cholinesterase was reduced to 44%. In 20 days the general and renal conditions of the patient were 
entirely normal. 

Besides the hyperparasympathetic disturbances, the intoxication from phosphoric esters may 
give Way to complications involving the central nervous system and the kidney f 
these complications is doubtful; while it is not possible to reject a direct action of parathion 
and of the products of its hydrolysis, it is likely that, similar to what is assumed for the onset of 
paralyses secondary to acute poisoning from phosphoric ester, the nephrosic disturbances 
also due to the lowering of the pseudocholinesterase 


Phe etiology ( 


are 


FROM THI AUTHORS’ SUMMARY. 


CuHronic CARBON MONOXIDE POISONING IN WORKERS IN AN ELECTROCHEMICAL PLAN' 


VINCENzO PezzERI and FERDINANDO ANTONIOTTI, Rass. med. indust. 22:18-22, 1953 


The CO content in the air of a coke factory was determined. Of 40 workers, 20 showed 
signs of chronic poisoning, consisting in headaches, weakness of the lower limbs, sweating, 
disturbed sleep, hyposexuality, slow digestion, and hepatic insufficiency. Necessary hygienic 
measures are discussed. : 

A. E. Meyer [CuHeEm. AsstT.]. 


PROBLEMS OF INDUSTRIAL HYGIENE IN A SWEDISH GAS-PRODUCTION UNIT: INVESTIGATION 
WITH SPECIAL REFERENCE TO CARBON MONOXIDE EXPOSURE AND TO SHIFT WoRK 
Kari-Gustav RIGNER, Nord. hyg. tidskr. 35:183-198 (Sept.-Oct.) 1954 


An account is given of the health examination of 509 workers in a gas-production unit, 321 
of whom were working in the gasworks proper. The rest were employed in the maintenance and 
installation department outside the gasworks 

Shift work proved to be the main hygienic problem in the gasworks. The shift workers com- 
plained of lassitude, bad sleep, and gastric disturbances. The mean sleeping time was shorter 
among shift workers than among day workers. Bad housing and a long way to work seemed to 
reduce the sleeping time and to cause lassitude. The frequency of medical attendance and hos- 
pitalization for gastric affections was high among young shift workers and among those day 
warkers who had formerly had shift work 

No serious exposure to carbon monoxide was found within the gasworks at the time of the 


investigation. The highest value of carbon monoxide hemoglobin found after a working day 
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among those workers who had not smoked that day was 2.6%. Among the smokers, the highest 
value was 7.7% (8.2%). In 25 cases the values did not exceed the maximal allowable concentra- 
tion, 0.006%. The other 10 analyses gave values varying between 0.007 and 0.036%, which were 
found only during short movements at certain working operations. The cheif risk of carbon 
monoxide poisoning seemed to be accidents and leakages in connection with repair and mainten- 
ance work. 

Some other problems of industrial hygiene in the gasworks are mentioned: dermatoses; noise 
deafness ; hazards of vibrating tools, of benzene, and of lead; irritation in the respiratory passages 
and the eyes from exposure to dust from carbon and coke, and irritation from exposure to 
ammonia, sulfuric acid, and sulfureted hydrogen. 

The following hygienic recommendations were given to the gasworks. The dwellings of the 
shift workers should be improved. The ventilation should be improved in some parts of the gas- 
works. The carbon monoxide hemoglobin should be controlled by means of alveolar air analyses 
periodically, and so should the carbon monoxide concentration in the air of some working places. 
Periodic clinical examination of those exposed to benzene or lead should continue. Information 
about personal protection against dermatoses and noise deafness should be given. 


FrRoM THE AUTHOR’S SUMMARY. 


Medicine and Surgery 


RESUSCITATION AND OTHER UsEs oF ARTIFICIAL RESPIRATION. JAMES L. WHITTENBERGER, 
New England J. Med. 251:816-820 (Nov. 11) 1954. 


Significant progress has been made toward an understanding of the physiologic and bio- 
chemical events of acute respiratory failure. The tools are available to study the mechanical 
behavior of the lungs in these circumstances, although few opportunities for such study have 
occurred. By inference it is known that the lungs are likely to be inflated with difficulty, in part 
because of high air-flow resistance and often because of changes in elasticity or compliance 


owing to pulmonary edema and related pathologic changes. These observations emphasize the 
importance of establishing criteria of alveolar ventilation rates rather than depending on pres- 
sure measurements in the airway or in a tank respirator. The limits of safe pressure levels in the 
lungs are not precisely known. 

Many methods of artificial respiration are capable of giving adequate ventilation of the lungs, 
unless the airway is obstructed or the lungs are excessively uncompliant. Manual methods with 
an active inspiratory phase are much superior to those with only an active expiratory phase. 
Cuirasses that enclose the chest and abdomen and methods that rock the body through an arc 
of 60 degrees or more at respiratory frequencies are less effective than other mechanical respira- 
tors but are very valuable for special purposes, such as use during convalescence from respiratory 
poliomyelitis. 

Mechanical respirators include the body-enclosing tank and the automatically cycling devices 
that bring about changes in pulmonary air pressure through application to the face or endo- 
tracheal tube. Physiologically, the two types have the same respiratory and circulatory effects, 
since in either case the pulmonary pressure on inspiration is elevated above pressure surrounding 
the body. 

The respiratory effects of artificial respiration do not appear to be materially different from 
those of naturally induced respiratory movements. However, few measurements of ventilation 
distribution, diffusion capacity, and ventilation-perfusion relations have been made. As in all 
forms of external respiration, an effective active inspiratory phase appears to be of prime 
importance. 

The circulatory effects of artificial respiration encompass a spectrum from the circulation- 
promoting action of natural respiration to the potentially severe impairment that may be due to 
a fluctuating positive-pressure device. The circulatory reserves of the patient are of paramount 
importance. In circulating, blood volume is reduced, or if vasomotor reactivity is diminished 
by anesthetic agents, other drugs, or shock, the effect of a high mean mask pressure is to lower 
venous return and thus to reduce cardiac output and arterial pressure. These effects are only 
temporary in patients with normal circulatory reserve mechanisms. In the impaired patient, the 
results can be serious, but deleterious consequences can be minimized by general supportive 
measures and reduction of the mean mask pressure. The success of any method of artificial 
respiration is favored by knowledge of the underlying physiologic mechanisms and their inter- 


actions with the methods used. From THE AUTHOR’s SUMMARY 
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CONFERENCE ON AEROSOL TECHNIQUE HELD on Oct. 17-19, 1953, AND ARRANGED BY THE 
ASSOCIATION OF AEROSOL TECHNOLOGY AT THE PuysicaL INSTITUTE OF MAINz UNTI- 
VERSITY. Staub 35:56-65 (March 15) 1954. 


Recognition of the increasing importance of aerosol technique to personal health and economy 
led to the establishment last year of the Association of Aerosol Technology. The task of the 
Association is to bring together scientists interested in various aspects of aerosols at annual 
conferences and, with contributed articles and discussions, to deal with the physical and technical 


problems of aerosols, especially high-dispersion aerosols and electroaerosols 

At this conference the following aspects of the subject were discussed: (a) production of 
aerosols by atomization, etc.; (b) technique for measurement of aerosols; (c) characteristics and 
behavior of electroaerosols, and (d) special problems in the application of aerosols in the preven- 
tion of pneumoconiosis in coal mines. The conference heard 14 communications, with discussions 
on various aspects of the subject. An opening speech by Professor Klumb, of Mainz, on the 
necessity for an organized plan of research promoted by the state on the subject of aerosols was 
followed by other papers and discussions, which included the following topics: determination of 
size-distribution of aerosols by optical methods; problem of atomization in flame photographic 
work ; stability of electroaerosols; light effect on the settling of upper layers of enclosed smoke 
and mist columns; a law on the maximal efficiency of centrifugal separation of high-dispersion 
aerosols; new aspects and possibilities of the production of high-dispersion aerosols; inhalation 
experiments with various chemicals on workers exposed to a risk of lead poisoning; dust sup- 
pression with aerosols in mining ; chemicophysical qualities of artificial and natural aerosols, and 
principles of industrial dust measurement in Ruhr coal mines 


E. Mipp.Leton [Butv. Hya.]. 


Environmental Conditions 


DESIRABLE TEMPERATURES IN OFFICES: StuDY OF OccUPANT REACTION TO THE HEATING 
PROVIDED. Friora W. Brack, J. Inst. Heat. & Vent. Engineers 22:319-328 (Nov.) 1954. 


Office workers’ assessments of conditions of heating and ventilation in their offices during 
a heating season are examined and compared for two office blocks, one heated by low-temperature 
ceiling panels and the other by hot-water radiators. In the range of temperatures considered 
acceptable, there was no consistent difference between reactions to the two types of heating. 
Graphs are presented, showing for men and women the variation in assessment of warmth with 
room temperatures over the range of 60 to 72 F. The findings are discussed in relation to 


previous work in the field and the currently recommended practice. 


FROM THE AUTHOR’S SUMMARY. 


Ark POLLUTION witH INDUSTRIAL Wastes. H. C. BALLMAN, Proceedings of Eighth Industrial 
Waste Conference, pp. 15-23, 1954. 

Though all air pollution may be classified as a nuisance, the health hazards are indeterminate 
at the present time. Topographic and atmospheric conditions play a major role in local instances 
of pollution. Data show that industrial aerosols range in particle size from 1“ for carbon black, 
oil smoke, zinc oxide smoke, magnesium oxide smoke, and metallurgical fumes to particles of 
100“ or greater for ground limestone, pulverized coal, stoker fly ash, foundry dusts, and metal- 
lurgical dusts. Small particle cleaning equipment includes electrostatic precipitators, baghouse 
filters, sonic agglomerators, and special gas washers. Equipment for handling larger particles 
includes settling chambers, gas washers, and centrifugal dust separators. Incineration is dis- 


cussed as a method with major possibilities in the air-pollution and waste-disposal fields. 


Cuem. 


New FRontTieR: Arr-PoLtution FREDERICK S. MALLettTe, Proc. Inst. Mech. 

Engineers 168:599-628 (April 23) 1954. 

This paper gives a comprehensive summary of factual information relative to the situation in 
air-pollution control on the North American continent. 

Legislation from 1864 to present accomplishments on both an international and a local scale 
are discussed. Specific areas (i.e., St. Louis; Allegheny County, Pa.; New York City; Los 
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Angeles County, Calif., and Canada), where outstanding efforts and effective ordinances have 
been developed, are rather fully presented. 

Meteorological factors governing the stability of the atmosphere are discussed and illustrated 
graphically. Statistical analysis of Donora, Pa., data has shown the need for a systematic 
sampling schedule combined with meteorological observations taken in the sampling area. 

Many of the instrumental methods in use for the detection, determination, and recording of 
atmospheric contaminants and the factors influencing their dispersal are described or illustrated. 

Specific problems and the remedial measures taken in the handling of raw materials for iron 
and steel production and the operation of coke ovens, blast furnaces, ferromanganese blast 
furnaces, open-hearth furnaces, electric furnaces, and Bessemer converters are given in detail. 
Control equipment used in the iron and steel, power, chemical, and rubber industries has usually 
required some modification or changes after installation. Although technical difficulties and 
enormous costs are involved in pollution control, local demands in some areas have required 
process control and/or the use of control equipment. 

Discussion sections by British authorities on air pollution are included as an addendum to 
the paper. Conditions in Britain are much different from those in the United States. The 
major source of pollution of the British is smoke resulting from the use of high-volatile coals. 
They do not have natural gas, supplies of oil, or variety of low-volatile coals to replace their 
coal as do the people of the United States. 

The paper contains 60 references, 16 diagrams, charts, tables, maps, and 36 illustrative and 


scripti h raphs 
descriptive photographs. Joun C. CoLiins, Lawrence, Mass. 


BERLIN DRAINAGE AND SEWAGE WorKERs. W. ANpeERs, Ztschr. Hyg. 139:341-371, 1954. 


A description of the most important points in the system adopted in Berlin for the collection, 
transport, and disposal of drainage and sewage introduces the subject of this paper, which is a 
survey of the health of the workers engaged in this work. In 1952 a total of 449 workers wert 
submitted to detailed clinical and laboratory investigations. These included the measurement of 
height, weight, blood pressure, and vital capacity. Complete blood examinations were carried 
out. Blood sera were examined for enteric infection and for leptospirosis. Feces were investigated 
bacteriologically and also for the presence of helminth eggs. The results of the enquiry are 
described and discussed in detail. In general, it appears that the health of these workers was 
reasonably good, although the conditions of their work should be improved. No new industrial 
hazard was discovered, and no remarkable incidence of Weil’s disease was noted. Since 1949 only 
two cases of this infection have been discovered. The serological examinations of between 339 
and 393 sera for antibodies to Leptospira icterohaemorrhagiae, L 


. grippotyphosa, and L. canicola 
were all negative. 


M. E. [BuLL. Hye.]. 


Determination of Air-Borne Contaminants 


SEPARATE DETERMINATION OF SULFUR DIOXIDE AND AEROSOL SULFURIC ACID IN AIR. 


M. V. ALEKSEEVA and K. A. BusHTUEVA, Gigiena i sanit. No. 4, 13-16, 1954. 

Sulfur dioxide is determined colorimetrically after absorption in 0.01 normal sodium hydrox- 
ide in 5% aqueous glycerin, followed by treatment of a 2 ml. specimen with fuchsin formaldehyde 
reagent. A fresh 3 ml. of the absorbent solution is then blown free of sulfur dioxide by air after 
acidification with 0.3 normal hydrochloric acid, and the usual sulfate determination is made. 


Inpust. DIGEstT. 


Accidents and Their Prevention; Protective Equipment 


CAUSES OF ACCIDENTS IN THE COUPLING OF RAILWAY VEHICLES AND RELATED OPERATIONS 

AND MEASURES FOR THEIR PREVENTION: REPORT ON AN INQUIRY BY THE INTERNA- 
TIONAL LABouR OFFICE, SUBMITTED TO INLAND TRANSPORT COMMITTEE OF UNITED 
Nations Economic CoMMIsSION FOR Europe at Its JANUARY, 1954, SEssION, IN 
RESPONSE TO RESOLUTION No. 44 OF THE COMMISSION’S SUBCOMMITTEE ON RAIL 


TRANSPORT. Occup. Safety & Health 3:163-184 (Oct.-Dec.) 1953. 

This report on an inquiry by the International Labor Office is the result of investigation in 
France, Italy, and Switzerland. Statistical information on accidents has been collected, and the 
opinions of many experienced railway employees of all grades have been obtained. The working 
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conditions in the three countries differ widely. The accidents investigated occurred during 
coupling and uncoupling and during shunting. These accidents accounted for 15% of all railway 
accidents, 9% being coupling accidents and 6% being due to operations connected with shunting. 
It was found that accidents were more frequent at the end of a shift. 

The report goes on to describe factors which contribute to accidents. These are summarized 
below : 

1. Dangerous Practices. 

(a) Shoe braking, i. e., placing wedge-shaped pieces of metal under the wheels of 
wagons to slow or stop them. 

(b) Chalking numbers on moving vehicles 

(c) Coupling or uncoupling moving vehicles 

2. Faulty Layouts and Equipment. 

(a) At points, cross overs, and places where the track runs close to fixed objects, there 
may be insufficient space for a man to stand. This factor is responsible for many crush accidents. 

(b) The coupling pole is apparently unknown to many shunters in some districts. 

(c) Variations in the design of wagons, giving unexpected projections, short buffers, oddly 
placed steps, and other unusual features which the railwayman does not expect, are responsible 
fcr many accidents. 

(d) Uneven ground in shunting yards adds to the hazards already there from point levers, 
signal wires, and other objects which are easy to fall over. It is suggested that all obstructions 
should be painted white or with fluorescent paint 

(ec) Bad lighting is responsible for many nocturnal accidents 

3. Lack of Coordination Between Drivers and Shunters. 

Misinterpretation of shouts, hand signals, and flashing lights causes maty accidents 
of loud hailers and radio communication is advocated in certain marshaling yards. 

4. Disregarding Safety Precautions. 

Many accidents are still caused by disregarding elementary rules and safety precautions and 
by carelessness; e. g., “the type of accident most dreaded by shunters is that of being caught 
between the buffers; yet shunters end up by ignoring this risk and regarding it with a certain 
fatalism as being inherent in their profession.” 

The report goes on to suggest means of accident prevention, ranging from technical improve 
ments to common-sense measures. A special section is devoted to selection, guidance, and training 
of shunting personnel. 

(This report should be of great interest to those concerned with railway operating. There is 
in the United Kingdom a booklet issued to those engaged in shunting which covers most of th 


matters dealt with in this report, but even in the U. K. shunting accidents are still too frequent.) 


G. O. HuGues [Butt. Hye.]. 


Radioactive Substances and X-Ray 


EVALUATION OF THE PULMONARY RaApDIATION DOSAGE FROM RADON AND Its DAUGHTER 
Propucts. JACOB SHAPIRO, Report UR-298, University of Rochester Atomic Energy 
Project, April 9, 1954. 


The pulmonary radiation dosage from the radon and the radon daughter product atmosphere 
was investigated in experiments in which measurements were made of the radioactivity deposited 
in the lungs of rats and dogs breathing in an exposure chamber containing 2 x 10-8 curies per 
liter of radon. The chamber was 2 by 3 by 6 ft. The results of these experiments indicate that 
most of the radiation dosage to the lungs is produced by these daughter products removed as 
particulates from the air, rather than by gaseous radon and the daughter products of the radon 


cules decaying in the lungs. 
molecules decayin; NUCLEAR Sc. ABst. 
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News and Comment 


GENERAL NEWS 


Employment of the Physically Handicapped in the Federal Service.—Notable 
progress in the employment of qualified physically handicapped workers in the Federal Civil 
Service has been made during the past decade. Major credit for this progress must go to one 
person in the United States Civil Service Commission—Dr. Verne K. Harvey, Medical Director. 
Dr. Harvey has developed the Commission’s program and guided its installation and direction 
since its inception. Others have taken part, commissioners have approved, but the real responsi- 
bility for making the program practical, fitting it into the Commission’s basis of operation and 
maintaining the policy of fair competition insuring the appointment of the best qualified applicant, 
has rested primarily with Dr. Harvey. 

Few outside the Commission, and many within the Federal service, are aware of the pioneer 
work which Dr. Harvey has performed in altering the Commission’s policy. This has consisted 
in the adoption of a new policy, the development of new procedures, and the constitution of a plan 
of action to encourage and assist hiring authorities in the Federal departments and agencies in 
the employment of qualified physically handicapped workers. The attitude of hiring authorities in 
most Federal establishments has shown radical changes under the guidance and stimulation of 
the revised Commission program. Combined with the support of the Public Service Sub- 
committee of The President's Committee, the policies and practices of a great many Federal 
agencies have become models for other agencies and private industry. 

Prior to Dr. Harvey’s appointment as Medical Director of the Commission, Federal hiring 
policies were indifferent to the qualifications of handicapped applicants for Federal jobs. A few 
handicapped received appointments, but the general attitude was one of rejection. Qualified 
applicants with physical disabilities were too often rejected for appointment to jobs on which 
workers with similar disabilities were performing satisfactorily and safely in private industry. 


In fact, it was quite apparent that the Federal Government was lagging far behind private 
industry in opening doors of opportunity to qualified physically handicapped workers. 


Dr. Harvey’s first task was to revise physical standards for jobs in the classified service so 
that physically handicapped applicants could be appointed to jobs which they were capable of 
performing safely and efficiently. This was no small task in itself, as hiring authorities, through 
long parctice and indifference, were unwilling to relax standards, even though jobs with rate 
exception do not require high physical standards. 

The principal tool which Dr. Harvey developed was a detailed physical fitness analysis of jobs 
by regional medical officers. These data were reviewed, collected, and compiled into physical 
qualification standards for jobs in the principal classifications. Through the educational work 
of the regional physicians, through publication of guide books for several industrial groups, 
and through cooperation with The President’s Committee, the program of the U. S. Civil Service 
Commission, under the leadership of Dr. Harvey, has resulted in the appointment of substantial 
numbers of physically handicapped workers in virtually all Federal departments. 

Dr. Harvey has given whole-hearted cooperation to the Federal agencies having responsibility 
for the rehabilitation of the physically handicapped. He has supported the work of The President’s 
Committee through the Public Service Subcommittee and through other educational and pro- 
motional activities. He has prepared and released studies of Federal agency experience in the 
employment of physically handicapped workers. The experience record of the Federal depart- 
ments and agencies has contributed in substantial degree to the present status of public under- 
standing of the employment of physically handicapped citizens. 

The foresight, professional competence, and untiring courage of Dr. Verne K. Harvey have 
been indispensable qualities in making living, moving reality of the U. S. Civil Service Com- 
mission’s policy and practice in the employment of the physically handicapped. To Dr. Harvey 
belongs full credit for making the program one in which the Federal Government can take 
righteous pride. 
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Books 


Toxicologie des Produits Phytopharmaceutiques. By René Fabre and René Truhaut. 
Price, not given. Pp. 272, with three illustrations. Société d’Edition d’ Enseignement Supérieur, 
5, Place de la Sorbonne, Paris (V), 1954 


This little paper-bound volume represents a compendium of information on the toxicology 
of all commonly used pesticides; these comprise about 275 insecticides, fungicides, herbicides, 
and rodenticides and a few other diverse products, such as ascaricides, molluscicides, etc 
Following a section on definitions, the second section briefly presents general considerations of 
toxicity according to route and other factors that influence it, including general causes of 
intoxication. The third part, the main body of the book, presents factual information on the 
various pesticides, starting with the fumigants. The following format is used throughout: each 
section starts with some general statements of the topic under discussion; then each substance 
is presented by chemical name, trade name, and structural chemical formula. The method of 
preparation, purity, and chemical and physical properties are next given briefly, followed by 
the relative toxicity, pesticidal properties, symptoms from exposure, and, when available, cases 
of human poisoning and treatment. Authorized rules and regulations of composition and use are 
given in detail in fine print for many of the commoner pesticides. In many places, valuable tables 
of comparative toxicities of various pesticides are given, or tables of comparative toxicity of a 
single pesticide for various animal species. The information is generally presented without critical 
comment, and the coverage of some pesticides is rather summary. One might wish to see, in 
certain sections at least, more attention given to metabolism of the pesticide and methods of 
detection of injury, but in general the volume is a good road map to sense the direction of 
the field. References to many of the more important studies on the subject have been given as 
late as 1954; unfortunately in most cases these are only by author and year. 


H. E. StokKINGeEr, Cincinnati. 


Pneumoconiosis Abstracts: Vol. II. Reprinted from Bulletin of Hygiene for 1939-1950, 
inclusive. Edited by E. L. Middleton. Price, 80 shillings. Pp. 518, with 7 figures. Sir Isaac 
Pitman & Sons, Ltd., 39-41 Parker St., Kingsway, London, W.C.2, 1954. 


This volume contains all the abstracts and book reviews on pneumoconiosis which have 
appeared in the Bulletin of Hygiene during the 12 years from 1939 to 1950. In appearance 
and general arrangement it conforms to Volume I, which contains the 
1938 


abstracts from 1926 te 


The Working Fitness of Older Men. By F. LeGros Clark, M.A. Price, limited copies, free. 
Pp. 40, paper-bound mimeo. The Nuffield Foundation, Nuffield Lodge, Regent's Park, 


London, N.W. 1, 1954. 


This, the second report in the Nuffield Foundation series dealing with aging and employment, 
describes a representative sample of 315 men (120 laborers, 115 painters, and 80 other craftsmen) 
over 60 years of age employed or looking for work in the building industry. Whereas the first 
report dealt with a single local group employed by the London County Council, this present one 
is broader, selecting men from all over Great Britain for study. The work records of these 315 
men were carefully studied, and the men were classified as being “fit,” 


“near fit,’ “aging,” or 
finally, “with organic impairments.” The records reveal that more craftsmen than laborers were 
still fit and vigorous in their early 60’s and that fewer craftsmen than laborers had organic 
complaints or disabilities or were industrially senescent. 

The study also included interviews with the men to determine attitudes toward their jobs. 
It was found that three-quarters of them were cautious about working at heights, consciously 
slowing down on the job, avoiding bad weather because of frequency of colds and bronchitis, 
and reluctant to take jobs at some distance from their homes. Apparently as a result of these 


attitudes many of the men have shifted over to, or are looking for, repair and maintenance jobs, 
an adjustment which is fortuitously possible in the building industry. The report suggests that 
the aging men themselves are showing the way toward their remaining comfortably in their 
own occupations, even after the age of 65. 


CLAIRE Ryper. 


451 


| 


INDUSTRIAL HEALTH 


Radioactive Waste Disposal in the Ocean. Handbook 58, U. S. Department of Commerce, 
National Bureau of Standards. Price, $0.20. Superintendent of Documents, Washington 235, 
D. C., Government Printing Office, 1954. 


This handbook contains recommendations for the disposal of radioactive isotopes of long 
half-life or high radiotoxicity in the ocean in massive containers. Prior to disposing of any 
radioactive wastes in the ocean, one needs to consider the type of marine life at the point of 
disposal, the depth of water, the ocean currents at the point of disposal, and the type of bottom 
on the ocean. Any disposal of radioactive wastes in the ocean must consider the long-range 
effects of introducing radioactive wastes into the ocean and the effect on shipping, fisheries, and 
plant life. Also to be considered is the public relations’ aspect of the disposal. To assist with 
these problems, this handbook recommends an international control group to set aside certain 
areas of the ocean as dumping sites. 


Occupational Health and Safety Legislation. Public Health Service Publication 357, U. S. 
Department of Health, Education, and Welfare. Price, $1.25. Pp. 315. Superintendent of 
Documents, Government Printing Office, Washington 25, D. C., 1954. 


This compilation of citations and excerpts or digests of laws and regulations dealing with 
occupational health and safety has been prepared in response to the growing interest in such 
legislation. By briefing and making accessible under one cover widely scattered information, 
this publication enables a convenient checking and comparison of various state provisions. 

While the limited supply lasts, single copies of the compilation can be made available, upon 
request, by the Division of Occupational Health, U. S. Department of Health, Education, and 
Welfare, to persons and organizations concerned with worker health and safety problems. 


Copies may also be procured from the Superintendent of Documents, Government Printing Office 


Nontuberculous Diseases of the Chest. Sponsored by the American College of Chest 
Physicians and edited by Andrew L. Banyai, M.D. Price, $18.75. Pp. 1139, with 280 illustra- 
tions. Charles C Thomas, Publisher, 301-327 E. Lawrence Ave., Springfield, Ill., 1954. 

The contributions of 37 experts have been well chosen and edited to form an excellent com- 
prehensive textbook. 

Starting with a description of the physiology of respiration, the book has chapters on the 
common pulmonary diseases, such as the inflammatory bronchial diseases, pneumonia, tumors, 
etc. The pulmonary manifestations of systemic diseases are described in several chapters. 

Of particular interest is the devotion of 90 pages to industrial diseases of the lung. The 
pneumoconioses are considered, first in general, with sections on the types of dust encountered, 
the mechanism of dust removal and storage in the lungs, and the pathology produced. The clinical 
aspects of (1) silicosis, (2) mixed dust pneumoconioses, (3) asbestosis and other silicatoses, (4) 
newer forms of dust diseases (rapid silicosis, diatomite and bauxite fibrosis, and berylliosis), and 
(5) benign pneumoconioses are then individually described. The functional assessment and medico- 
legal evaluation of respiratory disability are discussed. In a section on pulmonary diseases caused 
by noxious gases, fumes, and dusts, a summary is given of the common industrial uses of toxic 
substances, the concentrations likely to produce symptoms, and the clinical features and treat- 
ment of the diseases produced. 

Other chapters, such as those on congenital diseases, tropical and parasitic diseases, and 
collagen diseases, illustrate the scope of the book. 


Throughout, the book is clear and well indexed and illustrated. Much authoritative and up- 


to-date information is included, and new work and controversial matters are carefully described. 


CHRISTOPHER Woop. 
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RESULTS COUNT! ...In Superficial Fungous 


Infections especially DERMATOMYCOSIS PEDIS 


ra 


Pharmaceutical Division 


(Athlete's Foot) 


“= ]BSENBX: 


Ointment and powder of ZINCUNDECATE 
Solution of UNDECYLENIC ACID 


Cures average case in one to three weeks 


WALLACE & TIERNAN INCORPORATED, Belleville 9, N. J., U.S.A. 


Pamphlets about 


The Skin in Health and Disease. 
Harold N. Cole. 8 pages. 15 cents 

“Hair-Brained” Notions. [ois 
Mattox Miller 12 pages 15 cents. 

Acne. 2 articles. Robert P. Little; 
Jane Parker Kirkpatrick. 12 pages. 

15 cents 

Cosmetic Facts and Fancies. 


\ustin Smith. 8 pages. 15 cents 


SKIN 
PROBLEMS 


Psoriasis, The Threadbare Man- 
tle. Lester Hollander. 12 pages 
15 cents 

Fire Under the Skin. William W 
Boiton. 12 pages. 15 ce 


Please remit with order 


AMERICAN MEDICAL ASSOCIATION 
535 N. Dearborn St. © Chicago 10 


INTERNAL MEDICINE 
MARCHES ON 


A.M.A. Archives of 
INTERNAL MEDICINE 


reports progress in 


research and observation 


A monthly publication con 
taining original studies, case 
reports, book reviews, news 
and comment . . . compiled 
for the general practitione: 


as well as the specialist... 


YEARLY $10.00 CANADIAN $10.50 FOREIGN $11.50 


AMERICAN MEDICAL ASSOCIATION 
535 NORTH DEARBORN STREET 
CHICAGO 10, ILLINOIS 
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~~ A Specialized Soap to Meet Every 
Type of Plant Requirement! 
us 
Whether for light, heavy or extra heavy duty, for 
general plant or office use, or to solve specific 
cleansing problems, our more than 40 years of 
experience in serving industry is at your service. 
Your inquiries will receive prompt and intelligent 
attention! 


LIGHTFOOT SCHULTZ COMPANY 
380 MADISON AVENUE NEW YORK 17, N. Y. 
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.the first motion-sickness preventive 
effective in a single daily dose 


. prevents or relieves motion sickness 
due to all forms of travel 


.available on prescription only for 
full physician supervision 


Bonamine is a/so ucefi! in controlling the 
nausea, vomiting and vertigo associated with 
vestibular and labyrinthine disturbances, 
cerebral arteriosclerosis, radiation therapy 
and Meniére’s syndrome. 


PFIZER LABORATORIES 
Division, Chas. Pfizer & Co., Inc. Supplied in scored, tasteless 25 mg. tablets, 
Brooklyn 6, N. Y. boxes of 8 and bottles of 100 and 500. 
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